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PATENT 

UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

Robert HALEY et al. 



Group Art Unit: 



1635 



Serial No.: 10/039,171 



Examiner: 



B. Whiteman 



Filed: January 3, 2002 



Atty. Dkt. No.: UTSD:749US 



For: COMPOSITIONS AND METHODS FOR 
THE DIAGNOSIS AND TREATMENT OF 
ORGANOPHOSPHATE TOXICITY 



Confirmation No.: 7156 



APPEAL BRIEF 



Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 223 1 3-0 1 450 
Dear Sir: 

This Appeal Brief is filed in response to the Office Action mailed on October 2, 2008. 
Also included herewith is a Notice of Appeal under 37 C.F.R. §41.31. Should any fees be due, 
the Commissioner is authorized to debit Fulbright & Jaworski L.L.P. Deposit Acct. No. 50- 
1212/UTSD:749US/SLH. 

I. Real Party In Interest 

The real party in interest is the assignee, the Board of Regents, University of Texas 
System, Austin, TX. 

II. Related Appeals and Interferences 

There are no related appeals or interferences. ' 
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III. status of the Claims 

Claims 1-35 were filed with the original application, and claims 36-43 were added during 
prosecution. Claims 6-8 and 26-35 have been canceled. Thus, claims 1-5, 9-25 and 36-43 are 
rejected and stand appealed. Claims A copy of the appealed claims is attached as Appendix A. 

IV. Status of the Amendments 

No amendments were offered following mailing of the final Office Action. 

V. Summary of the Claimed Subject Matter 

Independent claim 1 sets forth a method of protecting a cell from organophosphate toxin 
comprising (a) identifying a cell at risk of exposure or exposed to an organophosphate toxin; (b) 
providing an expression cassette comprising a promoter active in said cell and a gene encoding 
PONl under the control of said promoter; and (c) transferring said expression cassette into said 
cell under conditions permitting expression of PONl; wherein said expression cassette expresses 
PONl in said cell, providing protection fi:om said organophosphate toxin. This claim is 
supported at page 4, lines 5-10 of the specification. 

Claim 21, the other independent claim, sets forth a method of protecting a subject from 
an organophosphate toxin comprising (a) identifying a subject at risk of exposure or exposed to 
an organophosphate toxin; (b) providing an expression cassette comprising a promoter active in 
cells of said subject, a gene encoding PONl under the control of said promoter; and (c) 
administering to said subject said expression cassette under conditions permitting expression of 
PONl; wherein said expression cassette expresses PONl in said cell, providing protection from 
said organophosphate toxin. This claim is supported at page 4, lines 19-23 of the specification. 
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VI. Grounds of Rejection to be Reviewed on Appeal 

1. Are claims 1-5, 10-13, 19-25, 37-39 and 43 obvious under 35 U.S.C. §103 over 
Radtke (Exhibit 1) taken with Li et al. (Exhibit 2), Davies et al. (Exhibit 3), 
Adkins et al. (Exhibit 5) and Humbert et al. (Exhibit 6)? 

2. Are claims 29 and 43 obvious under 35 U.S.C. § 1 03 over Radtke, Li et al. , Davies 
et al, Adkins et al. (Exhibit 5), Humbert et al. (Exhibit 6) and Scheffler (Exhibit 
4)? 

VII. Argument 

A. Standard of Review 

Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procedure Act, 5 U.S.C. §706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that 
findings of fact by the Board of Patent Appeals and Interferences must be supported by 
"substantial evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). 
In In re Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks 
whether a reasonable fact finder could have arrived at the agency's decision." Id. at 1312. 
Accordingly, it necessarily follows that an examiner's position on appeal must be supported by 
"substantial evidence" within the record in order to be upheld by the Board of Patent Appeals 
and Interferences. 
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B. Rejections Under 35 U.S.C. §103 

/. Radtke, Li, Adkins, Humbert and Davies 

Claims 1-5, 10-13, 19-25, 37-39 and 43 stand rejected over Radtke (U.S. Patent 
6,521,226) in view of Li et al. (1995), Davies et al. (1996), Adkins et al. (1993) and Humbert et 
al. (1993). According to the examiner, Radtke provides all the necessary disclosure for 
recombinant expression of PON 1, including PONl Q and R, in humans, but fails to provide the 
motivation to do so in a subject exposed or at risk of OP toxicity. Li et al. is said to provide the 
missing motivation to use PONl expression vectors such as a treatment or prevention of OP 
toxicity given that the reference allegedly teaches that "paraoxonase protects animals against 
organophosphate toxicity." Davies et al. is cited as representative of knowledge in the field that 
"the main determinant of susceptibility to organophosphate poisoning is the activity level of 
PON 1 enzymes . . . across many species including humans." Adkins et al. and Hiraibert et al. 
are merely cited as teaching that PONl type R hydrolyzes paraoxon rapidly. Appellants traverse. 

To determine obviousness, the examiner must follow a strict set of guidelines from which 
he or she cannot deviate: 

To reach a proper determination under 35 U.S.C. 103, the examiner must step 
backward in time and into the shoes worn by the hypothetical "person of ordinary skill in 
the art" when the invention was unknown and just before it was made. In view of all 
factual information, the examiner must then make a determination whether the claimed 
invention "as a whole" would have been obvious at that time to that person. Knowledge 
of applicant's disclosure must be put aside in reaching this determination, yet kept in 
mind in order to determine the "differences," conduct the search and evaluate the "subject 
matter as a whole" of the invention. The tendency to resort to "hindsight" based upon 
applicant's disclosure is often difficuU to avoid due to the very nature of the examination 
process. However, impermissible hindsight must be avoided and the legal conclusion 
must be reached on the basis of the facts gleaned from the prior art. . . . 

To establish a prima facie case of obviousness, three basic criteria must be met. 
First, there must be some suggestion or motivation, either in the references themselves or 
in the knowledge generally available to one of ordinary skill in the art, to modify the 
reference or to combine reference teachings. Second, there must be a reasonable 
expectation of success. Finally, the prior art reference (or references when combined) 
must teach or suggest all the claim limitations. The teaching or suggestion to make the 
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claimed combination and the reasonable expectation of success must both be found in 
the prior art, and not based on applicant's disclosure. In re Vaeck, 947 F.2d 488, 20 
USPQ2d 1438 (Fed. Cir. 1991). See MPEP § 2143 - § 2143.03 for decisions pertinent to 
each of these criteria .... 

MPEP §2142 (emphasis added). Here, appellants submit that the examiner cannot point to either 
an adequate motivation in the cited art or the field in general to support the combination of 
references, nor is there any indication that one of skill in the art would have found anything like 
a reasonable likelihood of success in practicing the invention as now claimed. 

At the outset, appellants readily acknowledge that Radke does indeed disclose 
information needed to provide for the recombinant expression of PON 1 Q and R. However, as 
has been pointed out repeatedly, and acknowledged by the examiner, this reference provides no 
motivation to use it for treating or preventing OP toxicity. In attempting to remedy this clear 
defect, the examiner previously attempted rely on Li et al. and Davies et al, and now turns 
additionally to Adkins et al. and Humbert et al. As will be shown, these references are limited 
technically, and thus do not support the present rejection as argued by the examiner. 

First, it is important to note that Li et al. isolated "PON" from rabbits, not PONl, and 
thus it is highly uncertain what this composition contained. They certainly report no effort to 
characterize the content of this composition. What is certain is that PONl L and PONl M were 
present, as well as PONl Q and PONl R, all in unknown distributions. Indeed, it is also quite 
possible that P0N2 and P0N3 enzymes were present. So, from the teachings of Li, one of skill 
in the art could not possibly know which element of the composition was protecting the animals 
from chlorpyrifos toxicity. So, even with Radtke and Li combined, one still carmot link PONl Q 
and/or R with protection from OP toxicity. 

Next, turning to Davies et al, this article does suggest a role for PONl Q and R in 
protection from OP toxicity and differential potency of the PONl Q and R isoenzymes in 
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hydrolyzing different OPs. However, Davies' demonstration of substrate specificity for PONl Q 
and R on serum samples tested in vitro was not sufficient to demonstrate that boosting PONl Q 
and R isoenzyme concentrations in vivo would successfully protect against OP poisoning. The 
experiment of Davies et al. simply tested the hydrolytic activity of 92 serum samples of hispanic 
subjects to several OP chemicals in vitro. They did not test whether boosting the PONl Q and R 
activity levels above what the subjects normally had would increase the protective effect. A 
genetic therapy depends on more factors than the gene activity for its success. For example, 
PONl Q and R isoenzymes are bound to the high density lipoprotein (HDL) particle in vivo, and 
it was possible that the concentrations of HDL particles (PONl binding capacity), or other 
physiologic factors, might have limited the hydrolytic effectiveness of the increases in 
production of the PONl Q and R isoenzymes by the genetic therapy device. Many other 
potential influences could have limited the effects or increased the toxicity of boosting PONl Q 
and R activity levels in vivo. None of these limitations could be discovered by simply measuring 
the differential hydrolysis rates of PONl isoenzymes on serum samples in vitro. 

The newly cited Adkins et al. and Humbert et al. references are argued as providing 
nothing more than point to PONl R as being more active in hydrolyzing paraoxon. Even if true, 
this cannot address the fundamental deficiency, set out above, that entirety of the cited references 
fail to not indicate what will happen when one boosts the levels of PONl R (or PONl Q). 

Finally, in contrast to the cited art, appellants were the first to demonstrate that substrate 
specificity was successfully produced by boosting PONl Q and R levels in vivo, removing the 
uncertainty over the many possibly perturbing influences and demonstrating that no apparent 
toxic effects limited its usefulness. Without this information, one skilled in the art could not 
possibly have assxired that a genetic therapy for OP toxicity could be successfully produced and 
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offered. Likewise, Davies et al. state that ''We also show that the effect of the PONl 
polymorphism is reversed for the hydrolysis of diazoxon, soman and especially sarin, thus 
changing the view of which PONl isoform is considered to be protective" Abstract (emphasis 
added). Thus, it appears that Davies considered substrate specificity to be important, but 
determining such in vitro is not sufficient to predict what happens in vivo. This unpredictability 
is highlighted by Radtke, who taught that PONl Q was the only important PONl enzyme, albeit 
for atherosclerosis and not OP toxicity - an assertion now known to be false in the context of 
protecting against toxicity by some important OPs. Because the present inventors were the first 
to demonstrate the in vivo protective effects of PONl Q/R recombinant therapy, including that 
PONl R provided much better protection from chlorpyrifos than PONl Q, they were the first to 
enable such treatments. The recently added cita;tions of Adkins and Humbert do nothing to 
address this defect. 

In sum, Radtke showed how to use PONl Q and R in genetic therapy but held that only 
PONl R was useful, Li showed that infusing an unspecified "PON" mixture imparts protection 
from OP'S in vivo, Davies showed that varying PONl Q and R confer different levels of 
protection to different OP's, but these were innate levels that were not boosted, and Adkins and 
Humbert do no more than provide limited information on the relative activities of PONl Q and R 
on a single agent - paraoxonase. However, none of these papers address the question of whether 
boosting both PONl QorR will protect differentially from OP exposures in vivo. There simply 
were too many unknowns that had not been addressed, any of which could have made the 
concept fail. Only by performing the experiment in vivo and showing that it worked could one 
claim to have possession of the reasonable predictability needed for obviousness, and that 
showing is missing from the prior art. 
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The examiner has attempted to counter these very strong arguments, not by any scientific 
rebuttal, but by taking refuge behind three legal principles - first, that appellants have no 
"evidence" of unpredictability; second, that appellants are "arguing the references separately"; 
and third, that the recent KSR decision provides some sort of carte blanche for trivializing the 
motivation requirement of §103 rejections. As will be explained, all of these arguments are 
false. 

Addressing the evidence of unpredictability, appellants continue to believe that the U.S. 
PTO is estopped in this case from taking the position that gene therapy is a predictable art (if it 
were not taking this position, there would be no basis for challenging appellants' statements in 
this regard). Regardless, it is not necessary to discuss the general position of the PTO on gene 
therapy here for the simple reason that the present examiner has already gone on record in this 
prosecution that gene therapy is, in fact, unpredictable: "Thus, at the time the application was 
filed, the state of the art for gene therapy was considered highly unpredictable." Office Action of 
August 23, 2005, page 6; Office Action of May 17, 2006, page 5. The examiner cannot now 
argue there is only attorney argument to support this issue. 

The examiner argues that because the rejection has been withdrawn in view of appellants' 
"argument," prior comments on the record are somehow irrelevant. Nothing could be fiarther 
from the truth. Appellants overcame the enablement rejection not by arguing in favor of 
predictability, but by showing that present invention worked in an art accepted animal model. 
Thus, the factual statement, made by and stood behind the by the PTO, that gene therapy is 
unpredictable, cannot simply be "waived off when it no longer suits the PTO's purposes. 

Turning to the question of "arguing references separately," appellants submit that this is 
not what the record reveals. Rather, what appellants have done is to point out specific defects in 
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each reference that undercut the examiner's attempted extrapolations. The skilled artisan would 
have read each of these references at the time the present invention was made and drawn from 
them only that which the science therein supports. Thus, it is only fair to for appellants to filter 
the teachings of these references in the same way that the skilled artisan would before combining 
their teachings. To do otherwise is to ignore that basic tenets of science that guide and direct the 
skilled artisan. As such, the arguments regarding examining the references individually simply 
do not hold any merit. 

Lastly, the examiner has improperly cited KSR as supporting the combination of five 
fundamentally limited references. While that case did indeed address the question of how 
explicit a suggestion in the art must be in order to support combining of various art, and thus 
whether motivation to combine can be established fi-om more general teachings in the field, it did 
not change decades of case law requiring that motivation must be present. Indeed, the 
Supreme Court stated that such an obvious to try rationale may support a conclusion that a claim 
would have been obvious where one skilled in the art is choosing from a finite number of 
identified, predictable solutions, with a reasonable expectation of success. KSR International 
Co. V. Teleflex Inc., 127 S. Ct, 1727, 1742, 82 USPQ2d 1385, 1397 (2007). However, where 
obvious to try means that one would have to "vary all parameters or try each of numerous 
possible choices until one possibly arrived at a successful result, where the prior art gave either 
no indication of which parameters were critical or no direction as to which of many possible 
choices is likely to be successfiil that would not satisfy §103. In re O'Farrell, 853 F.2d 894, 
903, 7 USPQ2d 1673, 1681 (Fed. Cir. 1988). Similarly, where obvious to try means the 
exploring of "a new technology or general approach that seemed to be a promising field of 
experimentation, where the prior art gave only general guidance as to the particular form of the 
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claimed invention or how to achieve it ..." that too would be insufficient. Id. Here, there is 
clearly no "finite number of identified, predictable solutions" from which the skilled artisan 
could choose, as the examiner's own earlier admission recognized, not to mention the failure of 
Radtke to exploit this allegedly "obvious" aspect of PON 1 gene therapy. 

Thus, though the prior art may have pointed in the general direction of using PONl to 
treat or protect fi:om OP toxicity, the art relied upon is technically limited, and the entire 
endeavor is acknowledged to be far too speculative for those of skill in the art to consider it in 
any way predictable or straightforward. As such, no prima facie case can be deemed to have 
been made out. Reversal of the rejection is therefore again respectfully requested. 

ii. Radtke, Li, Davies, Adkins, Humbert and Scheffter 
Claims 1, 9, 14-16, 21, 36 and 40-42 are rejected as obvious over Radtke, Li et al, 

Davies et al, Adkins et al, and Humbert et al in view of Scheffler (U.S. Patent 5,721,118) 

under §103. The first three references are cited as above, and Scheffler is cited as teaching poly- 

A sequences and various promoters. Appellants traverse. 

As discussed above, Radtke, Li, Davies, Adkins and Humbert do not render the present 

invention obvious. Scheffler, providing only structural elements for expression vectors, does not 

cure this defect, and as such, this rejection is improper as well. 

Thus, for the reasons set forth above, reversal of this rejection also is respectfully 

requested. 
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C. Conclusion 

In light of the foregoing, appellant respectfully submits that all pending claims are non- 
obvious under 35 U.S.C. §103. Therefore, it is respectfully requested that the Board reverse each 
of the pending rejections. 



ly submitted. 
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Fulbright & Jaworski L.L.P. 
600 Congress Ave., Suite 2400 
Austin TX 78701 
512-536-3184 




!§teven L. Highlander 
teg. No. 37,642 



55230022.1 



-11- 



VIII. APPENDIX A - APPEALED CLAIMS 

1 . A method of protecting a cell from organophosphate toxin comprising: 

(a) identifying a cell at risk of exposvire or exposed to an organophosphate toxin; 

(b) providing an expression cassette comprising a promoter active in said cell and a 
gene encoding PONl under the control of said promoter; and 

(c) transferring said expression cassette into said cell under conditions permitting 
expression of PONl ; 

wherein said expression cassette expresses PONl in said cell, providing protection from 

said organophosphate toxin. 

2. The method of claim 1 , wherein PONl is PON 1 type Q. 

3. The method of claim 1, wherein PONl is PONl type R. 

4. The method of claim 1, wherein said cell expresses PONl type Q. 

5. The method of claim 1 , wherein said cell expresses PONl type R. 

9. The method of claim 1 , wherein said expression cassette fiirther comprises a 

polyadenylation signal. 

1 0. The method of claim 1 , wherein said expression cassette is fiirther comprised within a 
vector. 

1 1 . The method of claim 1 0, wherein said vector is a viral vector. 

12. The method of claim 1 1 , wherein said viral vector is a herpesviral vector, a retroviral 
vector, an adenoviral vector, an adeno-associated viral vector, a polyoma viral vector, and 
a vaccinia viral vector. 

1 3 . The method of claim 1 1 , wherein said viral vector is an adenoviral vector. 
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1 4. The method of claim 1 , wherein said promoter is a constitutive promoter. 

15. The method of claim 1, wherein said promoter is an inducible promoter. 

1 6. The method of claim 1 , wherein said promoter is a tissue specific promoter. 

1 7. The method of claim 4, wherein said expression cassette increases PONl type Q 
expression by about 10-fold. 

18. The method of claim 5, wherein said expression cassette increases PONl type R 
expression by about 10-fold. 

1 9. The method of claim 1 , wherein said cell is a liver cell. 

20. The method of claim 1 , wherein said cell expresses low levels of PONl type Q or R as 
compared to the general population. 

21 . A method of protecting a subject from an organophosphate toxin comprising: 

(a) identifying a subject at risk of exposure or exposed to an organophosphate toxin; 

(b) providing an expression cassette comprising 

(i) a promoter active in cells of said subject, 

(ii) a gene encoding PONl under the control of said promoter; and 

(c) administering to said subject said expression cassette imder conditions permitting 
expression of PON 1 ; 

wherein said expression cassette expresses PONl in said cell, providing protection from 
said organophosphate toxin. 

22. The method of claim 21 , wherein PONl is PONl type Q. 

23 . The method of claim 2 1 , wherein PON 1 is PON 1 type R. 
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24. The method of claim 38, wherein said viral vector is a herpesviral vector, a retroviral 
vector, an adenoviral vector, an adeno-associated viral vector, a polyoma viral vector, and 
a vaccinia viral vector. 

25 . The method of claim 2 1 , wherein administering comprises intravenously or 
intraarterially. 

36. The method of claim 2 1 , wherein said expression cassette further comprises a 
polyadenylation signal. 

37. The method of claim 2 1 , wherein said expression cassette is further comprised within a 
vector. 

38. The method of claim 37, wherein said vector is a viral vector. 

39. The method of claim 38, wherein said viral vector is an adenoviral vector. 

40. The method of claim 2 1 , wherein said promoter is a constitutive promoter. 

41 . The method of claim 21 , wherein said promoter is an inducible promoter. 

42. The method of claim 2 1 , wherein said promoter is a tissue specific promoter. 

43 . The method of claim 2 1 , wherein cells of said subj ect express low levels of PON 1 type Q 
or R as compared to the general population. 
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IX. APPENDIX B - EVIDENCE CITED 

Exhibit 1 - Radtke, U.S. Patent 6,521,226 

Exhibit 2 -Li etal. (1995) 

Exhibit 3 -Davies et al. (1996) 

Exhibit 4 - Scheffler, U.S. Patent 5,721,1 18 

Exhibit 5 - Adkins et al. (1993) 

Exhibit 6 - Humbert et al. (1993) 
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X. APPENDIX C- RELATED PROCEEDINGS 

None 
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METHOD OF USING PON-1 TO DECREASE atherosclerosis. S. Parthasarathy and coworkers have shown 

ATHEROMA FORMATION that incubation of HDL with oxidatively-modified LDL 
results in inhibition of production of thiobarbituric acid- 

CROSS-REFERENCE TO RELATED reactive products (TEARS) (Parthasarathy, S. et al., "High- 

APPLICATIGN 5 density lipoprotein inhibits the oxidative modification of 
low-density lipoprotein," Biochim. Biophys. Acta 1044:275 

This application is a division of application Ser. No. (1990)). However, the mechanism for HDL's antioxidative 

09/199,672, filed Nov. 25, 1998 now U.S. Pat. No. 6,391, function remains unknown. In another study, Klimov et al. 

298. injected 200 mg of human HDL3 into rabbits which had been 

jQ rendered bypercholesterolemic by cholesterol feeding. Total 

BACKGROUND plasma conjugated dienes and trienes were reduced by 

1. Field of the Invention 20-30% six hours after the injection and remained at that 

, ^ ,j reduced level up to twenty-four hours after the mjection 

The mvention relates generally to the field of heart disease (klimov, A. N., et al., "Antioxidative activity of high density 

and cardiovascular disease. More specificaEy, the mvention ^ steins in vivo," Atherosclerosis 100:13 (1993)). 

is directed to a method o decreasmg atheroma formation in 15 ^^.^^^^^^ ^ ^^^^ ^ ^ 

mammals by admmistration of paraoxonase-1 (P^^^^^^^ ^^^^^ ^.^^^ hypercholesterolemia 

expressed protein that has hydrolase a^tiy^'y ^.tery disease (Anderson, T J. et al.. "The 

organophosphates, and antioxtdation activity for low- ^^^^ cholesterol-lowering and antioxidant therapy on 

density hpoprotem (LUL). ^ endothelium-dependent coronary vasomotion," N. Engl. J. 

2. Background f^f^^ 332:488 (1995)). The Cambridge Heart Antioxidant 
It is by now well-accepted that atherogenesis and hyper- Study (CHAOS) randomized 2,002 patients with proven 

lipidemia are intimately related. Atherogenesis involves the coronary disease to vitamin E, 400 to 800 I.U., or placebo, 

build-up of cholesterol within the endothelium of arterial After a median follow-up of 1.4 years, antioxidant treatment 

walls and the subsequent formation of placques. Placques reduced the primary endpoint of cardiovascular death and 

can fissure, ultimately causing thrombus formation which nonfatal MI by 47 percent (41 v. 64 events) (Stephens, N. G., 

may lead to stroke or myocardial infarction. Of the two al., "Randomized controlled trial of Vitamin E in patients 

forms of lipoproteins, high-density (HDL) and low-density vvith coronary disease: Cambridge Heart Antioxidant Study 

lipoprotein (LDL), LDL is positively correlated with (CHAOS)," Lancet 347:781 (1996)). 

placque formation, while HDL is thought to be anti- Paraoxonase (PON) is a protein secreted by the liver that 

atherogenic through the reverse cholesterol transport mecha- jg found primarily in semm. The name is derived from its 

nism (see below). ability to hydrolyze the organophosphate paraoxon in vivo. 

The lipid transport system is divided into two major There are 3 known allelic forms of PON. Serum 
pathways, the exogenous pathway (dietary triglycerides and paraoxonase/aiylesterase (PON-1) is a 354 residue 43-45 
cholesterol absorbed by the intestine) and the endogenous 35 ]d}a A-esterase associated with HDL (Kelso, G. J., et al., 
pathway (triglycerides and cholesterol secreted by the liver). "ApoUpoprotein J is associated with paraoxonase in human 
The reverse cholesterol transport system, mediated by HDL, plasma," Biochemistry 33: 832-839 (1994)). It is well- 
is involved in both pathways and is thought to be a major known to be involved in the hydrolysis of several organo- 
non-ieceptor based mechanism for removal of cholesterol by phosphate insecticides (Murphy, S. D. in Toxicology: The 
HDL. "IVvo subsets of HDL are involved in reverse choles- 40 Basic Science of Poisons, (eds. Doull, J., Klassen, C, & 
terol transport, HDL2 and HDL3. Nascent HDL accumu- Amndur, M.) 357-408, Macmillan, New York, (1980); 
lates cholesterol from cell membranes. The circulating Tafuri, J., etsd., "Organophosphate poisoning," Ann. £/«er;ff. 
enzyme lecithin-cholesterol acyltransferase ("LCAT") asso- Med. 16:193-202 (1987)). P0N2 and P0N3 are knovra 
ciates with HDL and esterifies free diolesterol, causing the allelic variants that have similar sequences. It is not known 
esterified cfaolesteiol to move into the core. HDL3 partides ^ if poN2 or P0N3 are expressed in vivo. U.S. Pat. Nos. 
accumulate diolesteryl ester, and as it accumulates HDL3 5,792,639 and 5,629,193 (Human Genome Sciences) are 
becomes HDL2, v^ch is ridi in cholesteryl ester. The directed to a human paraoxonase gene, its assodated vectors 
cholesteryl ester in HDL2 is then exchanged for tr^Iyceride and transformed host cells and their use to detoxify otga- 
with the aid of cholesteryl ester transfer protein, converting nophosphates in vivo and for a neuroprotective effect. The 
HDL2 back to HDL3, which is then able to accumulate more jq DNAsequence claimed by HGS is likely that of P0N2 based 
free cholesteroL HDL is thought to be antiatherogenic on homology searching. An alignment of the PONl and 
through the reverse cholesterol transport system, because of P0N2 nucleic acM sequences shows 69% identity. There is 
its ability to take up excess free cbotesteroL no su^pstion in either the '639 or the '193 patents for the 

Oxidation of IDL is a tey intermediate in the formation use of paraoxonase to reduce atheroma formation described 

of atherogenic placques. It has been found that LDL must 55 herein. 

imdetgo modification before it can be ingested by macroph- The physiologic activity of the PON family members was, 

ages to form foam cells, wliich are important components of until recently, unknown. It has recently been postulated that 

atherosclerotic placques (Steinberg, D., et al., "Beyond pQN may play a role as an in vivo antioxidant that may 

dx>IestetoL modifications of low-density diolesterol that reduce the peroxidation of LDL (Mackness, M. I., et aL, 

increase its atherogenidty," N. Engl J. Med. 320:915 go "HDL, its enzymes and its potential to influence Iqrid 

(1989)). In vivo, oxidation is probably the most frequent peroxidation," Atherosclerosis 115:243-253 (1995)). 

form of LDL modification. Oxidized LDL irat only contrib- However, flie same review stated that other enzymes resi- 

uies to the formation of foam oeQs, but also is diemotactic dent on HDL may also play the same role, sudi as platelet 

for circulating monocytes, h (Ototoxic, and impairs endot- activating factor acetylhydrolase (Staffotini, D. M., et aL, 

helial fimction. 65 "The plasma PAF acetylhydtolase prevents oxidative modi- 

HDL was found to inhibit IJ3L oxidation, which is fication of low density lqKq)rotdn,"'/.I4piaJlfe<aitorsCcH 

another potential medianism by whidi HDL may reduce Signaling 10:53 (1994)). 
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Several human population studies have revealed signifi- upregulate), and heterozygotes respond half as well as 

cant associations between the common polymorphisms of normals. Niacin is effective in lowerit^ LDL, but is poorly 

the PONl gene and coronary artery disease (CAD) (Ruiz, J., tolerated. Non-pharmacologic treatment includes weekly 

et al., "Gln-Argl92 polymorphism of paraoxonase and coro- plasmapheresis, partial ileal bypass, protocaval shunts, and 

nary heart disease in type 2 diabetes," Lancet 346: 869-872 5 liver transplants. 

(1995); Serrato, M., et al., "A variant of human paraoxonase/ ^^^^ ^ ^j^^^ ^^^^j alternative treatments for those 

arylesterase (HUMPONA) gene is a risk fa^or for co^^^^^ exhibiting hypercholesterolemia, particularly famil- 

artery disease," J. Chn. Invest. 96: 3005-3008 (1995)). Also, ^ hypercholesterolemia. 

PONl has the capacity to destroy certam promflammatory "^F-^iv, 

oxidized phospholipids found in oxidized LDL (Mackness, SUMMARY OF THE INVENTION 
M. 1., et al., "Paraoxonase prevents accumulation of lipop- 

eroxides in low-density lipoprotein," FEES Lett 286: This invention is directed to a method of decreasing 

152-154 (1991); Watson, A. D., et al., "Protective effect of atheroma formation in a mammal comprising administering 

HDL associated paraoxonase-inhibition of the biological a pharmaceutically effective amount of PON-1 or its func- 
activity of minimally oxidized low density lipoprotein," J. ^ j tional equivalent. It is shown herein in an animal model that, 

Clin. Invest. 96: 2882r-2891 (1995)). Again, there has been surprisingly, PON-1 can act to reduce the area of aortic 

no isolation of the mechanism except to surest that lesions, which are predictive of future atherosclerotic 

paraoxonase may be involved. placques (atheromas). This discovery represents a potential 

Mackness et al. ("Is Paraoxonase related to pharmacological treatment for FH that should be beneficial 
Atherosclerosis," Chem.-Biol. Interactions 87:161-171 ^ for hypercholesterolemia generally. 

(1993)) discuss the evidence for an anti-oxidative role for It is an object of the invention to provide a method for 

paraoxonase. In this paper they investigated the serum decreasing atheroma formation in a mammal by adminis- 

paraoxonase activity in two populations prone to developing tering a phannaceutically effective amount of PON-1 or its 

atherosclerosis, patients having familial hypercholester- functional equivalent, thereby decreasing the potential for 

olemia (FH) and IDDM (insulin-dependent diabetes 25 atherosclerosis. 

mellitus). They showed a statistically significant increase in jj another object of the present invention to provide a 
the percentage of the population in the low paraoxonase treatment for those afflicted with FH. 
activity group in both FH and IDDM, two diseases mani- 
festing a high occurrence of atherosclerosis. In addition, BRIEF DESCRIPTION OF THE FIGURES 
Macknessetal.studied,inanin vitro LDL oxidation model, 30 . . , t,^xt . 
the possible role of paraoxonase by adding small amounts in FIG. 1 is a graphical representation of plasma PON-1 
the presence of LDL under oxidative conditions. They (arylesterase assay) activity of LDLR KO mice after receiv- 
concluded that paraoxonase is 300 times mote active in ing an intramuscular (i.m.) injection with 290 units of 
preventing LDL oxidation than is HDL or its subfractions. human PON-1 192Q. Mice were bled at the indicated times 
HoW6ver.theyconcliKiethathowparaoxonaseprotectsLDL 35 (0, 8. 24 and 48 hrs) and PON-1 activities measured, 
against oxidatbn in this model has yet to be determined, and FIGS. 2A and 2B are bar gn^hs showing the amount of 
several possibilities are discussed. human PON-1 present in mouse serum 24 hours after 
In genetic studies with mice, PONl mRNA and protein injection, either on day 7 (FIG. 2A) or on day 28 (FIG. 2B). 
levels correlate inversely with aortic lesion size (Shih, D. Control mice received buffer. 

M., et al., "Genetic-dietary regulation of serum paraoxonase 40 FIGS; 3A through D are Western Blots showing the 

expression and its role in atfaerogeneas in a mouse model,'' generation of anti human PON-1 antibodies in mice treated 

/. Clin. Invest. 97: 1630-1639 (1996)). These data suggest vdth human PON-1, over the course of the study, 

that PONl activity may bear some relationshq) to HDL pjQ 4 is a bar graph comparing aortic lesion size in 

levels and CAD observed in population studies (Tall, A., uyUR. KO mice in PON-1 treated v. control-treated groups. 

"Plasma high density lipoproteins: Metabolism and relation- 45 

ship to atherogenesis," J. Clin. Invest. 86: 379-384 (1990)). DETAILED DESCRIPTION OF TOE 

Familial hyperdiolesterolemia is a genetic disorder that INVENTION 

results in chronically high levels of serum diolesterol. Definitions 

including both HDL and LDL. The disorder is also charac- The term "paraoxonase" refers to any of the three known 

terized as an LDL receptor defect. It is autosomal dominant so alleles of the glycoprotein enzyme known as paraoxonase 

with prevalence estimates of 1 homozygote per million of ("PON"), namely PONl P0N2 and P0N3, and their 

population. ITie LDL receptor normally particq)ates in the naturally-occurring variants, PON isolated from serum is 

uptake and subsequent elimination of LDL by hepatocytes. called "serum paraoxonase," also PON-1. PON-1 is the only 

Accumulation of LDL in these patients is a result of the LDL known allele to be expressed, and is present chiefly in serum, 

receptor defect. There are definite high-incidence popula- ss In htunans there is a known PON-1 variant at amino acid 

tions due to a founder effect, with French Canadians being position 192 called the "192Q" variant that has higher 

the best known. TTie heterozygotes develop xanthomas at anti-atherogenic activity than do the other variants. In popu- 

20-30 years with atherosclerotic heart disease by 40-50 ktions of European ancestry, the distribution seems to be 

years in males and 50-60 years in females. Homozygotes polymorphi<^ with low and fa^ activity sub-forms. 192R is 

ustially do not survive beyond their thirties, due to cardiac eo the low-acti^ variant The term TON-1 and its ConctKmal 

infarctions caused by excessive placqae accumulation. They equivalents" means any paraoxonase or fiagment, deletion 

have total cholesterol in the 500-1,000 mg/dl range, develop variant, substitution variant or derivative having antioxida- 

xanthomas by age 6, and develop symptomatic coronary tive activity towards atherogenic l^ids at least as effective 

artery disease by age 10. as native PON-1. 

Treatment of LDL recq)tor defident patients is problem- 65 PON-1, as in oflier proteins, can be varied at specific 

atic H(»nozygotBS do not re^wnd to HMG-CoA reductase amino add residue positions to create other variants of 

iihibitois (they have no functional LDL receptors to native PON-1 ("muteins"). These variants may have more. 
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)n whether the 
the substrate 

specificity, the folding of the protein, etc. We prefer conser- 
vative modifications and substitutions at other positions of 
PON-1 (i.e., those that have a minimal effect on the sec- 
ondary or tertiary structure of the protein). Such conserva- 
tive substitutions include those described by DayhofE in The 
Atlas of Protein Sequence and Structure 5 (1978), and by 
Argos in EMBO J., 8:779-785 (1989). For example, amino 



arylesterase," Proc. Natl. Acad. Sci. USA 92: 7187-7191 
(1995)). Supplementary active compounds can also be 
incorporated into the compositions. 

A pharmaceutical composition of the invention is formu- 
lated to be compatible with its intended route of adminis- 
tration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, oral 
(e.g., inhalation), transdermal (topical), transmucosal, and 
rectal administration. Solutions or suspensions used for 



acids belonging to one of the following groups represent lO parenteral, intradermal, or subcutaneous application c 



conservative change 

ala, pro, gly, gin, asn, ser, thr; 

cys, ser, tyr, thr; 

val, ile, leu, met, ala, phe; 

lys, atg, his; 

phe, tyr, ttp, his; and 

asp, glu. 

We also prefer modifications or substitutions that do n 
introduce sites for additional intermolecular crosslinking 
incorrect disulfide bond formation. For example, PON-1 is 



include the following components: a sterile diluent such as 
water for injection, saline solution, fixed oils, polyethylene 
glycols, glycerine, propylene glycol or other synthetic sol- 
vents; antibacterial agents such as benzyl alcohol or methyl 
IS parabens; antioxidants such as ascorbic acid, tocopherol or 
sodium bisulfite; buffers such as acetates, citrates or phos- 
phates and agents for the adjustment of tonicity such as 
sodium chloride or dextrose. pH can be adjusted with acids 
or bases, such as hydrochloric acid or sodium hydroxide. 
20 The parenteral preparation can be enclosed in ampoules, 
disposable syringes or multiple dose vials made of glass or 



known to have 2 cysteine residues, at wild-type positions 41 plastic, 
and 352 of the mature sequence. Pharmaceutical compositions suitable for injectable use 

PON-1 can be isolated fixim human serum or human include sterile aqueous solutions (where water soluble) or 
plasma (Gan, K. N., et al., "Purification of human serum 25 dispersions and sterile powders for the extemporaneous 
paraoxonase/arylesterase. Evidence for one esterase cata- preparation of sterile injectable solutions or dispersion. For 
lyzing both activities," Drug Metab. Dispos. 19(1): 100-6 intravenous administration, suitable carriers include physi- 
(1991)) or can be made through recombinant methods. U.S. ological saline, bacteriostatic water, Cremophor EL™ 
Pat. Nos. 5,792,639 and 5,629,193 are directed to P0N2 (BASF, Parsippany, NJ.) or phosphate buffered saline 
genes, proteins and methods of making and using PON-2, 30 (PBS). In all cases, the composition must be sterile and 
and those expression methods are expressly incorporated should be fluid to the extent that easy syringability exists. It 
herein in their entirety. One of ordinary skill is able to use must be stable under the conditions of manufacture and 
the teachings therein, and combine them with the known storage and must be preserved against the contaminating 
sequence of PONl (SwissProt Accession No. Q16052; ID action of microorganisms such as bacteria and fungi. The 
PONl HUMAN) to express the PON-1 protein without 35 carrier can be a solvent or dispersion medium containing, for 
undue experimentation. example, water, ethanol, polyol (for example, glycerol. 

Similarly, if one wished to produce the 192Q or any other propylene glycol, and liquid polyetheylene glycol, and the 
variant, a DNA sequence is constructed by isolating or like), and suitable mixtures thereof. The proper fluidity can 

' ■ ■ ■■ be maintained, for example, by the use of a coating such as 

40 lecithin, by the maintenance of the required particle size in 
the case of diversion and by the use of siirfactants. Pre- 
vention of the action of microorganisms can be achieved by 
various antibacterial and antifiingal agents, for example, 
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal. 



synthesizing a DNA sequence encoding the wild type PON 
and then changing the native codon for position 192 to a 
desired codon by site-spedfic umtagenefds. This technique 
is well known. See, e.g., Mark et al., "Site-spedfic Mutagen- 
esis Of The Human Fibroblast Interferon Gene", Proc NatL 
Acad. ScL USA 81, pp. 5662-66 (1984); and U.S. Pat. No. 
4^88,585, incorporated herein by reference. 

The biological activity of the PON-1 glycoprotein of this 
invention can be assayed by any suitable method known in 
the art. IVo methods are disclosed herein, the paraoxonase 
assay, and the arylesterase assay. (See I. Methods, below). 
Pharmaceutical Compositions 

The PON-1 protein (also referred to herein as "active 
compounds") of the invention can be incorporated into 
pharmaceutical compositions suitable for administration. 
Such compositions typically comprise the protein and a 
pharmaceutically acceptable carrier. As used herein the 
language "pharmaceutically acceptable carrier" is intended 
to include any and all solvents, Aspersion media, coatings, 
antibacterial and antiflngal agents, isotonic and absorption 
delaying agpnts, and the like, conqatible with fdutimaoeu- 



45 and the like. In many cases, it will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as 
manitol, sorbitol, sodium chloride in the composition. Pro- 
longed absorption of the injectable con^ositions can be 
brou^t about by including in the coinposition an agent 
SO which delays absorption, for example, aluminum 
monostoarate and gelatin. 

Sterite injectable solutions can be prepared by incorpo- 
rating the active compound (e.g., a PON-1 protein or anti- 
PONl antibody) in the required amount in an appropriate 
55 solvent with one or a combination of ingredients enumerated 
above, as required, followed by filtered sterilization. 
Generally, dispersions are prepared by incorporating the 
active compound into a sterile vehicle which contains a 



^ , ^ . basic dispersion medium and tiie required other ingredients 

ticaTadmidstration. The use of sudi media and agents &r 60 fix)mtii0S6 enumerated above. In the case of sterile powders 
pharmaceutically active substances is well known in the art. for the preparation of sterile injectable solutions, the pre- 
Except insofar as any conventional media or agent is incom- ferred methods of preparation are vacuum drying and fieeze- 
patible with the active compound, use thereof in the com- drying which yields a powder of the active ingredient plus 
positions is contemplated. For instance, it is known that any additional desired ingredient £rom a previously sterile- 
PON-1 is a caldum-dependent protein, having sevnal cal- 6S filtered solution tiiereofl Stabilizers such as albumin, HDLor 
dum binding loops (SorensonetaL. "Reconsideration of the a sugar sudi as soraose, or caldum ions may also be 
catalytic center and mechanism of manmialian paraoxonase/ inducted to increase the shelf-life of the protein. 
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Oral compositions generally include an inert diluent or an 
edible carrier. They can be enclosed in gelatin capsules or 
compressed into tablets. For the purpose of oral therapeutic 
administration, the active compound can be incorporated 
with excipients and used in the form of tablets, troches, or 
capsules. Oral compositions can also be prepared using a 
fluid carrier for use as a mouthwash, wherein the compound 
in the fluid carrier is applied orally and swished and expec- 
torated or swallowed. Pharmaceutically compatible binding 



effect to be achieved, and the limitations inherent ia the art 
of compounding such an active compound for the treatment 
of individuals. 

General guidance regarding dosage and compositions is 
; available in Remington's Pharmacautical Science by E. W. 
Martin, hereby in corporated by reference. 

The invention is further directed to a method of diagnos- 
ing predisposition to hypercholesterolemia by assessiag the 
level of native circulating PON-1 in a mammal. The results 
of the animal testing presented herein show that PON-1 



agents, and or adjuvant niatena^s can be included as part of lo ,,duce, by a surprising factor, the build- 

the composition. The tablets, pills, capsules, troches and the ^^^^^ ^^^^ ^^^^.^ ^.^^^^ ^^^^^.^^ 

Uke can contam any of the followmg ingredients, or com- monitoring of PON-1 levels in a mammal may be 

pounds of a similar nature: a bmder such as microcrystaUme subsequent atheroma formation, which is 

cellulose gum tragacanth or gelatm; an excipient such as ^^^^^^ atherosclerosis. Assays such as are presented 
starch or lactose, a disintegrating agent such as algmxc acid, is ^^^^fo.parj^xo^orarylesterase may be the basis of such 

a diagnostic method. The method may take into account the 
genetic differences between sub-populations which express 
phenotypic variations in PON-1 which are correlated with 



Primogel, or corn starch; a lubricant such as magnesium 
stearate or Sterotes; a glidant such as colloidal silicon 
dioxide; a sweetening agent such as sucrose or saccharin; or 
a flavoring agent such as peppermint, methyl saliqrlate, or 
orange flavoring. 2( 

For administration by inhalation, the compounds are 
delivered in the form of an aerosol spray from a pressured 
container or dispenser which contains a suitable propellant, 
e.g., a gas such' as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or 2; 
transdermal means. For transmucosal or transdermal 
administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are 
generally known in the art, and include, for example, for 
transmucosal administration, detergents, bile salts, and 3 
fusidic add derivatives. Transmucosal administration can be 
accomplished through the use of nasal sprays or supposito- 
ries. For transdermal administration, the active compounds 
are formulated into ointments, salves, gels, or creams as 
generally known in the art. 3 

The compounds can also be prepared in the form of 
suppositories (e.g., with conventional suppository bases 
such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 



higher than normal cardiovascular events. For instance, the 
PON-1 192Q phenotype has been correlated with higjier 
paraoxonase activity than the 192R phenotype. 

It would be expected that an assay may be based on 
measuring either phenotype separately, and/or the ratio of 
these two phenotypes present in an individual in order to 
predict their individual susceptibility to atherosclerosis. 

Also contemplated is the use of DNA sequences encoding 
PON-1 in gene therapy s^lications. Gene therapy applica- 
tions contemplated include treatment of those diseases in 
which PON-1 is expected to provide an effective therapy due 
to its ability to decrease lipid oxidation such as 
atherosclerosis, and diseases that are otherwise responsive to 
lipid oxidation levels. Familial hypercholesterolemia, which 
is manifested fay the lack of expression of LDL receptors, is 
one such disease that results in very high levels of circulat- 
ing cholesterol, triglycerides and related lipids. 

Local delivery of PON-1 using gene therapy may provide 
the therapeutic agent to the target area. Both in vitro and in 
vivo gene therapy methodologies are contemplated. Several 
methods for transferring potentially therapeutic genes to 



In one embodiment, the active compoun<k are prepared 40 populations are known. See, e.g., MuUigan, 

AiU ^arriorc tVi-xt anil nrritiv^t the. fYimnfHind atrainst ranid „ .. „. _ — 



with carriers that will protect the compound against rapid 
elimination from the body, such as a controlled release 
formulation, including implants and microencapsulated 
delivery systems. 

Biodegradable, biocompatible polymers can be used, such 45 
as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, 
collagen, polyorthoesters, and polylactic acid. Methods for 
preparation of sudi fonnuktions will be apparent to those 
skilled in the art. The materials can also be obtained com- 
mercially fromAlza Corporation and Nova Pharmaceuticals, 50 
Inc. Liposomal suspensions including liposomes targeted to 
infected cells with monoclonal antibodies to viral antigens) 
can abo be used as pharmaceutically acceptable carriers. 
These can be prepared according to methods known to those 
skilled in the art, for example, as described in U.S. Pat. No. 55 
4,522,811. 

It is especially advantageous to formulate oral or 
parenteral compositions in dosage imit form for ease of 
administration and uniformity of dosage. Dosage unit form 
as used herein refers to physically discrete unite suited as 60 
unitary dosages for the subject to be treated; each unit 
containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in asso- 
ciation with the required pharmaceutical carrier. The spe<a- 
fication for the doss^e unit forms of flie invention are 65 
dictated by and directly dependent on the unique diaracter- 
istics of the active compound ami flie particular tiienqpeutic 



"The Basic Science Of Gene Therapy", Science, 260: 
926-31 (1993). These methods include: 

1) Direct gpne transfer. See, e.g., Wolff et al., "Direct 
Gene transfer Into Mouse Miisde In Vv/o", Science, 
247:1465-68 (1990^ 

2) liposome-mediated DN A trans fer. See, e.g., Caplen at 
al., "Liposome-mediated CFTR Gene Transfer To The 
Nasal Epithelium Of Patients With Cystic Fibrosis", 
NatureMed. 3: 39-46 (1995); Crystal, "The Gene As A 
Drug", NatureMed. 1:15-17 (1995); Gao and Huang, 
"A Novel Cationic liposome Reag^t For EfBcient 
Ihuisfection Of Mammalian Cells", Biodiem. Bitphys. 
Res. Omm., 179:280-«5 (1991); 

3) Retrovirus-mediated DNA transfer. See, e.g., Kay et 
al., "In Vivo Gene Therapy Of Hemophilia B: Sus- 
tained Partial Correction In Factor IX-Defident Dogs", 
&dence, 262:117-19 (1993); Anderson, "Human Gene 
Therapy", Science, 256«08-13 (1992). 

4) DNAVirus-mediated DNA transfer: Sudi DNA viruses 
include adenovinises (preferably Ad-2 or Ad-5 based 
vectors), herpes vfruses preferably herpes simplex 
virus based vectors), and parvoviruses (preferably 
"defective" or non-autonomous parvovirus based 
vectors, more preferably adeno-assodated virus based 
vectors, most preferably AAV-2 based vectors). See, 
e-g., Ali et aL, "The Use Of DNA Viruses As Vectors 
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For Gene Therapy", Gene Therapy, 1:367-84 (1994); 

U.S. Pat. No. 4,797,368, incorporated herein by 

reference, and U.S. Pat. No. 5,139,941, incorporated 

herein by reference. 
The choice of a particular vector system for transferring 5 
the gene of interest will depend on a variety of factors. One 
important factor is the nature of the target cell population. 
Although retroviral vectors have been extensively studied 
and used in a number of gene therapy applications, these 
vectors are generally unsuited for infecting non-dividing 
cells. In addition, retroviruses have the potential for onco- 
genicity. 

Adenoviruses have the advantage that they have a broad 
host range, can infsct quiescent or terminally differentiated 
cells, such as neurons or hepatocytes, and appear essentially ^, 
non-oncogenic. See, e.g., AU et al., supra, p. 367. Adenovi- 
ruses do not appear to integrate into the host genome. 
Because they exist extrachromosomally, the risk of inser- 
tional mutagenesis is greatly reduced. Ali et al., supra, p. 
373. 2, 

Adeno-associated viruses exhibit similar advantages as 
adenoviral-based vectors. However, AAVs exhibit site- 
specific integration on human diromosome 19. Ali et al., 
supra, p. 377. 

In a preferred embodiment, the PON-1 encoding DNAof ^ 
this invention is used in gene therapy for lq)id-based disor- 
ders such as FH, and cardiovascular complications arising 
from other disorders such as non-insulin dependent diabetes 
mellitus. 



Group 1: baseline group, sacrificed on day 0. 

Group 2: 4-week chow group, these mice were fed the 6% 
fat chow diet and sacrificed on day 28. PON-1 activities 
were measured by paraoxonase assay in groups 4 and 

5. 

Group 3: 4-week high fat diet group, these mice were fed 
the high fat diet for 4 weeks and sacrificed on day 28. 

Group 4: 4-week high fat diet plus buffer injection, these 
mice were fed the high fat diet for 4 weeks (day 1 to day 
28) and received 80 fd of buffer iajections via i.m. on 
day 1, 3, 6, 8, 10, 13, 15, and 17. The mice then 
received 80 /A of buffer injections via i.p. on day 20, 21, 
22, 23, 24, 25, 26, 27. The mice were then sacrificed on 
day 28. 

Group 5: 4-week high fat diet plus PON injection, these 
mice were fed the high-fat diet for 4 weeks (day 1 to 
day 28) and received 80 fi\ (800 fig, 290 units of 
paraoxonase activity) of human PON-1 192Q (PON-1 
was purified firom human plasma donors homozygous 
fijr the 192Q mutation, using the method described by 
Bert L ADu (Can, K. N., et al., "Purification of human 
serum paraoxonase/arylesterase. Evidence for one 
esterase catalyzing both activities," DrugMetab. Dis- 
pos. 19(1): 100-106 (1991)) injections via i.m. on day 
1, 3, 6, 8, 10, 13, 15, and 17. The mice then received 
80 ^ of human PON-1 192Q injections via i.p. on day 
20, 21, 22, 23, 24, 25, 26, 27. The mice were then 
sacrificed on day 28. 
The h^-&t diet contained 15.75% fat, 1.25% cholesterol 



According to this embodiment, gene therapy with DNA 3^ ^ q 5% sodium diolate (Teklad, Madison, Wis.). For 



encoding PON-l or muteins of this invention is provided to 
a patient in need thereof, concurrent with, or immediately 
after diagnosis. 

Ibe skilled artisan will appreciate that any suitable gene 
therapy vector containing PON-1 DNA or DNAof muteins 
of PON-1 may be used in accordance with this embodiment. 
The techniques for constructing such a vector are known. 
See, e.g., Anderson, W. R, "Human Gene Therapy," Nature, 
392 25-30 (1998); Verma, I. M., and Somia, N., "Gene 



groups 4 and 5, plasma PONl activities were measured on 
both day 7 (24 hours after an i.m. injection) and day 28 at 
sacrifice (24 hours after an i.p. injection). For groups 1, 2, 
and 3, PON-1 activities were measured in plasma samples 
35 collected at sacrifice. At sacrifice, the mice were fasted 
ovemi^t and killed. Blood, hearts, and livers were collected 
for fiirther analysis. 

PON-1 activities and lipid assays. PON-1 activities were 
measured either by paraoxonase assay using the organo- 



Therapy-Promises, Problems, and Prospects," Nature, 389 ^ phosphate paraoxon as the substrate (Rirlong, C. E. et al., 

239-242 (1998). Introduction of the PON-1 DNA- «Spectrophotometric assays for the enzymatic hydrolysis of 

containing vector to the target site may be accomplished ^ ^^^^ metabolites of dilorpyrifos and parathlon by 

using known techniques. plasma paraoxonase/arylesterase," Anal Biochem. 180: 

This invention is fiirther illustrated by the following 242-247 (1989)) or by arylesterase assay using phenyl 

examples, which should not be constnwd to limit the acetate as the substrate (Furlong, C. E., et al., "Role of 

invention, but serve to support it. The content of all patents, genetic polymoiphism of human plasma paraoxonase/ 

patent applications and references referred to herein are arylesterase in hydrolysis of the insecticide metabolites 

hereby incorporated in their entirety. chtorpyrifos oxon and paraoxon," Am. J Hum. Genet. 

EXAMPLES 43:230-238 (1988)). Briefly, for the paraoxonase assay, 5 fil 

I. Methods so of plasma was mixed with the substrate solution containing 

Mice and Diet. The LDLR KO mouse model is a recog- 1.2 mM of paraoxon, 2.0 M Nad, 0.1 M Tris HQ pH 85 

nized animal model for predicting pharmacological activity and 2.0 mM CaCL^. The production of p-nitiophenol was 

for pharmaceutical candidates in the field of atherogenesis. measured, at room temperature, as diange m absorbance 

Their LDL receptors, necessary for removal of atherogenic (OJD.) at 405 nm over 5 minates. Astandatd cutve was also 

LDL, have been deleted by homologous recombination 55 constracted by measuring O.D.^oj of various concentrations 

(Ishibashi S., et al., "Hypercholesterolemia in low density of p-nitrophenoL One unit of paraoxonase activity is defined 

lipoprotein receptor knockout mice and its reversal by as 1 nmole of p-nitrophenol produced/min. For arylesterase 

adenovirus-mediated gene deUvery," J. Clin. Invest 92(2) assay, 1 /d of plasma was mixed with 1 ml of substrate 

:883-893 (1993)). TTiese mice are particularly suscqptible to solution containing 3.26 mM phen)4a«tate, 9.0 mM Tris 

atheroma formation (fatty streaks) in their primary arteries if 60 HQ pH 8.0, and 0.9 mM CaOa. The production of phenol 

fed a high-fet diet Two month-old female LDL receptor was measured, at ijoom temperature, as <Aange in absor- 



knockout OJDLR KO) mice were purchased from Jackson 
Laboratory (Bar Harbor, Me.) and maintained on a 6% fat 
chow diet ^arlan Teklad, Madison, Wis.). For the PON 
replacement study, 50 fanale LDLR KO mice, at 3 months 
of age, were divided into the following 5 groups wi& 10 
mice/group: 



bance (O.D.) at 270 nm over 2 minutes. The arylesterase 
activity was then calculated using the molar exinction coef- 
ficient forphenol (1,310 M"* an"^). One unit of arylesterase 
; activity is defined as 1 /onole phenol produced/min. For all 
of die groups, plasma total diolesterol, HDL cfaoiestraol, 
VLDL/LDLdiolesteiol, and tti^ycerides w " 
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plasma samples collected at sacrifice using enzymatic pro- 
cedures employing enzymatic end points (Mehrabian, M., et 
al., "Influence of the apoA-II gene locus on HDL levels and 
fatty streak development in miot," Arterioscler. Thromb. 13: 
1-10 (1993)). 

Aortic lesion measurements. Briefly, the use of aortic 
lesion measurements requires that, at sacrifice, the upper 
portion of the heart and proximal aorta is obtained and 
embedded in OCT compound (Tissue-Tek OCT 
Compound — Sakura Finetek USAInc.,Torrence, Calif.) and 
frozen. Every other lO-jUm thick cryosection, beginning 
where the aortic valves appear, is collected for a distance of 
about 500 fim. These sections are stained with oil red O (Oil 
Red O, Sigma Chemical Company, St. Louis, Mo.) and 
counter-stained with hematoxylin (Hematoxylin aqueous 
formula, Biomeda Corp., Foster City, Calif.) and Fast Green 
(Fast Green FCF, Sigma, St. Louis, Mo.). The lipid contain- 
ing areas on 25 sections are determined using a microscope 
eyepiece grid. Mean lesion area/sectioa are then calculated 
(Mehrabian, M., et al., "Influence of the apoA-II gene locus 
on HDL levels and fatty streak development in mice," 
Arterioscler. Thromb. 13: 1-10 (1993)). 

Western blot analysis. Various amounts of purified human 
PON-1 192Q (400, 200, 100, 50 ng/lane) and 1 /A of mouse 
HDL (equivalent to 6 /A of mouse plasma) were loaded on 
denaturing polyacrylamide gel for electrophoresis 
(denaturing agent used: 2xbuffer: 0.5 M Tris-HCl, pH6.8, 
2.5 ml; glycerol, 2 ml; 10% SDS, 4 ml; 0.1% bromophenol 
blue, 0.5 ml; beta-mercaptoethanol, 0.5 ml; water to 10.0 
ml). The fractionated proteins were then transferred onto 
nitrocellulose paper (Hybond-ECL nitrocellulose, 
Amersham, Buckinghamshire, UK). Four of such identical 
nitrocellulose blots were than incubated for 1 hour with one 
of the following solutions: (1) 1:500 dilution of pooled 
plasma from mice injected with buffer after 4 weeks of 
injection, (2) 1:500 dilution of pooled plasma from mice 
injected with human PON-1 192Q after 4 weeks of injection, 
(3) 1:500 dilution of pooled plasma from mice injected vsdth 
human PON-1 192Q after 1 week of injection, (4), 1:1000 
dilution of a rabbit antibody against mouse PON-1 (rabbit 
anti-mouse PON-1: was generated using recombinant mouse 
PON-1 expressed in E. coU at UCLA by Diana Shih and 
Ling-jie Gu, unpublished results). The blots were then 
washed with PBS containing 0.1% Tween-20 and then 
incubated for 1 hour with anti-rabbit IgG secondary anti- 
bodies conjugated with HRP (Amersham, Buckinghanishire, 
UIQ. The blots were then washed and the image was 
visualized using the ECL Western blotting detection 
reagents from Ameisham (Amersham, Life Science, Inc., 
Arlington Heights, 111.). 

n. EXAMPLES 

Example 1 

Time Ctourse Study of Plasma PON-1 Activity in LDDR KO 
Mice injected with Human PON-1 192Q 

Three female LDLR KO mice, maintained on chow diet, 
were each injected i.m. with 290 units of human PON-1 
192Q. Blood sa]iq>]es were collected immediately before the 
injection time 0) and 8, 24, and 48 bouis after the injection. 
Plasma PON-1 acti^dfies were then measured using ary- 
lesterase assay. As shown in FIG. 1, the mean plasma PON-1 
activity at 8, 24, and 48 hr after injection was 107%, 125%, 
109% that of -time 0 (time 0 vs. 24-hr, p=0.003). Our data 
indicate that Lm. injection is ah effective way to deliver 
PON-1 into mice. Howevei; the inoceases in PON-1 actiw- 
ties in these mice were smaller than what we have e^^ected. 
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Example 2 
PONl 192Q Replacement Study 

The experimental design was previously described in 
Methods. For Group 4 (4-week high fat diet plus bufEer 
5 injection) and Group 5 (4 week high-fat diet plus 290 units 
human PON-1 192Q injection), plasma PON-1 activities 
were measured on day 7, 24 hr after the third i.m. injection. 
At day 7 there were 10 mice in each group; values shown are 
averages from two independent paraoxonase assays. At day 
10 28, there were 9 mice in each group; paraoxonase assay. 
As shown in FIGS. 2Aand 2B, we found that, on day 7, 
the high-fat diet plus PON-1 injection group exhibited 27% 
higher PON-1 activities as compared to the high fat plus 
buffer injection group (p=0.03) (FIG. 2A). However, on day 
15 28 (FIG. 2B), we found that the high fat diet plus PON-1 
injection group had only 50% of the PON-1 activities as 
compared to those of the high-fat plus buffer injection group 
(p<0.0001). We postulated that the reduction of PON-1 
activities in the PON-1 injected group on day 28 was likely 
20 caused by an immune response in the mice toward the 
injected human PON-1 192Q. 

Example 3 

Detection of Anti-human PON-1 Antibodies in LDLR KO 
Mice Injected with Human PON-1. 

Various amounts of purified human PONl 192Q (400, 
200, 100, 50 ngAane) and 1 ^ of mouse HDL (equivalent to 
6 /d of mouse plasma) were loaded on denaturmg polyacry- 
lamide gel for electrophoresis. Hie fractionated proteins 
were then transferred onto nitrocellulose paper. Specifically 
^ with regard to FIGS. 3A through D, four of these identical 
nitrocellulose blots were tiien incubated for 1 hour with one 
of the following solutions: panel A, 1:500 dilution of pooled 
plasma from mice injected with buffer after 4 weeks of 
buffer injection; panel B, 1:500 dilution of pooled plasma 
from mice injected with human PON-1 192Q after 4 weeks 
of injection; panel C, 1:500 dilution of pooled plasma from 
mice injected with human PON-1 192Q after 1 week of 
injectioi^ and panel D, 1:1000 dilution of a rabbit antibody 
against mouse PON-1. The blots were then washed with 
PBS containir^ 0.1% of Tween-20 and incubated for 1 hour 
with secondary antibodies conjugated with HRP. Hie blots 
were then washed and the image was visualized using the 
ECL technique. As shown in panel A, the 4-week buffer- 
injected mice did not have antibodies against human PON-1 
in their plasma, while the 4-week PON-l-injected mice 
contain antibodies against human PONl in their plasma 
(panel B). However, these antibodies did not cross react with 
tiie mouse PON (Panel B). We did not detect any anti-human 
PON-1 antibodies in the pooled plasma of 1-week PON-1- 
^° injected mice (panel C). As shown in panel D, a rabbit 
anti-mouse PON-1 antibody detected both the mouse PON-1 
and, to a lesser extent, the human PON-1. 

It is unlikely that the reduction of PON-1 activities in the 
PON-1 injected animals on day 28 is directiy caused by the 
interaction between the mouse PON-1 and the antibodies 
since die antibodies against human PON-1 did not ooss 
react with tiie mouse PONl protein. Since the human PON-1 
is likely to reside on the same HDL particles as the mouse 
PON-1, recognition of flie PON-1 containing HDL particles 
by the antibodies may enhance the clearance of these HDL 
particles, thus causing flie removal of mouse PON-1 on the 
same particles. 

]&tample4 

65 Lq)id Levels. 

Lipid levels of plasma samples collected at sacrifice were 
ejramined. As shown in Ibble 1, there were no s%nificant 
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differences in plasma lipid levels between the 4-week high- 
fat plus buffer-injected group and the 4-week high fat-group. 
Interestingly, as compared to the buffer-injected mice, the 
PON-l-injected mice had a moderate decrease in both total 
cholesterol (p=0.04) and VLDI7LDL cholesterol (p=0.04) 5 
levels, a moderate increase in triglycerides (p=0.005), and 
no difference in HDL cholesterol level. Therefore, the PON- 
l-injected mice had a less atherogenic lipid profile as 
compared to the buffer-injected group. 
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injected mice. Possible explanations for the low PON-1 
activity levels in PON-l-treated mice on day 28 are as 
follows: First, the generation and the titer of antibodies 
against human PON-1 192Q in PON-1 injected mice prob- 
ably started late and remained low until the end of the 
experiment. Therefore, for most of the time during the study, 
the injected PON-1 192Q was effective in preventing LDL 
oxidation and, thus, atherosclerosis. Second, if one assumes 
that PON-1 is most effective in preventing the initiation of 



ia PON-1 activities and lipid levels of LDLR KO mice at sacrifice 



4-Week 
4-Week 



329 ± 21 291 t IS 206 ±17 86 t 3 

420 * 11 332 ±10 230 ±10 101 ±2 

105 ± 6 2315*175 2289*174 27 *3 

112 * 9 2213*145 2190*145 23 *2 

56 * 5 1862 * 63 1836 * 62 26 *2 



^Nbhies shovim are mean * S.E. of 9 or 10 as 
paraoxonase activity/ml plasma. 
^Wues shown are mean * S.E of 9 or 10 an 
^HF means high &it diet 



di group. The units are units of 
± group. The unite ate mg/dL. 



Example 5 

Aortic Lesions. 

We then examined the aortic fatty streak formation in 
these mice. Three-month old female LDLR KO mice (10 
mice/gioup) were either sacrifiiced at time 0 (baseline 
group), fed the chow diet for 4 weeks (4-week cfaow), fed the 
high-fat diet for 4 weeks (4-week UP), fed the high fat diet 
plus buffer injections (4-week HF+buffer), or fed the high- 
fat diet plus human PON-1 192Q injections (4-week 
HF+PON). At the end of 4-week treatments, mice were 
sacrificed. The hearts were collected and aortic lesion areas 
were scored. For Group 4 (4-week HF+buffer) and Group 5 
(4-week HF+PON), the lesion sizes were scored once in a 
non-blind and once in a blind fashion to avoid bias. The 
scores from both times were very similar. We found no 
significant difference in aortic lesion sizes between the 45 
4-week high-fat and the 4-week high-fet plus buffer injec- 
tion group (FIG. 4). From the non-blind scoring, the mean 
lesion sizes of the buffer injected (Group 4) and PON-l- 
injected (Group 5) groups were 34222±8008 and 
12864±1985 mm^/section, respectively. From the blind 50 
scoring, the mean lesion sizes of the buffer injected and 
PON-l-injected groups were 32422+7470 and 13383+1850 
mm^/section, respectively. Tlierefore, we obtained very 
similar results using either blind or non-blind methods, 
demonstrating that the A-wetk Mgji-fat plus PON-1 192Q ss 
injection group had agoificantly less aortic lesion area than 
both the 4-week high-fat phis bufBar-injected group and the 
4-week high-fat group (PIG. 4). The results surest that 
PON-1 replacement is an effective way to lieduce aortic fatty 
streak lesion in the LDLR KO mice. «o 

In summary, it was found that the PON-1 192Q-injected 
mice had elevated PON-1 activities on day 7, and lower 
levels of PON-1 activities on day 28 as compared to the 
buffer-injected mice. However, wiien aorticlesion formation 
was examined on day 28, a surprizingly large 60% 6S 
(approximate) reduction in aortic lesion azs was found in 
PON-1 192Q-injected mice as compared to the buffer- 



atherosclerosis, that is prevention of LDL oxidation and 
therefore prevention of inflammatory response and reduced 
recruitment of monocytes into subendothelial cells 
0vlackness, M. I., et al, supra; Watson, A. D., et al., supra; 
Shih, D. M., et al., "Mice lacking serum paraoxonase are 
susceptible to organophosphate toxicity and 
atherosclerosis," Nature 394:284-287 (1998)), then the 
PON replacement might have been most effective during the 
first 2 weeks of the study rather than the last 2 weeks of the 
study. Therefore, even though PON-l-injected mice had less 
PON-1 activity than the buffM-injected mice at the end of 
the 28-day experiment, they still developed less aortic 
lesions. Those skUled in the ait wiU be able to recognize, or 
be able to ascertain using no more than routine 
experimentation, many equivalents to the specific embodi- 
ments of the invention described herein. For instance, 
PON-2 and PON-3 may have antioxidant activity similar to 
that of PON-1, and may be equally useful in the method of 
this inventioa. Also, other deletion or substitution mutations 
may provide similar functional equivalents. Such equiva- 
lents are intended to be encompassed by the spirit and scope 
of the following claims. 
I claim: 

1. A method of decreasing atheroma formation in a 
mammal comprising administering a pharmaceutically 
effective amount of recombinant PON-1, polypeptide, 
wherein reduction in aortic lesion formation is taken as a 
measure of decreased atheroma formation. 

2; The method of claim 1, wherein said effective amount 
ranges fcom about 0.1 flgflsg of body to about 100 
mg/kg. 

3. The mefliod of daim 1, wherein said PON-1 comprises 
recombinant human PON-1. 

4. Tlie method of claim 1, wherein said PON-1 comprises 
PON-1 192Q. 

5. Aphannaceutical oonq)osition for decreasing atheroma 
PON-1 



protein to a patient in need tbetsoi conqtrising recombinant 
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PON-l and a phannaceutically acceptable carrier, wherein 
reduction in aortic lesion formation is taken as a measure of 
decreased atheroma formation. 

6. A method of decreasing atheroma formation in a 
mammal comprising administering a pharmaceutically 5 
effective amount of recombinant PON-l DNA, or of a 
mutein of PON-l DNA having PON-l equivalent function, 

to a mammal such that functional PON-l is detectable in 
said mammal, wherein reduction in aortic lesion formation 
is taken as a measure of deceased atheroma formation. lO 

7. A method of decreasing atheroma formation in a 
mammal comprising administering a pharmaceutically 
effective amount of a recombinant polypeptide that is rec- 
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ognized by a PON-l-specific antibody, wherein reduction in 
aortic lesion formation is taken as a measure of decreased 
atheroma formation. 

8. The method of claim 7, wherein said polypeptide has 
paraoxonase and arylesterase activity and specifically binds 
apoJ. 

9. The method of claim 7, wherein said polypeptide is in 
a pharmaceutically acceptable carrier. 

10. The method of claim 7, wherein said polypeptide is 
recombinant human PON-l. 
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Abstract 

Paraoxonase can hydrolyze paraoxon (PO), chlorpyrifos-oxon (CPO) and other organophosphates. Previous studies 
have indicated that the levels of serum paraoxonase can influence the toxicity of PO and CPO. In the present study 
we have investigated whether exogenous paraoxonase administered to mice would offer protection toward the acute 
toxicity of a phosphorothioate, chlorpyrifos (CPS). Paraoxonase was purified from rabbit serum and injected i.v., or 
i.V. plus i.p., in mice. Inhibition of acetylcholinesterase (AChE) in brain, diaphragm, plasma and red blood cells was 
niisasured as an index of CPS (100 mg/kg) toxicity. Administration of paraoxonase 30 min before CPS increased plasma 
enzyme activity toward CPO by 35-fold, and protected against its toxicity; protection was still present at 24 h, when 
enzyme activity was still 20-fold over basal. When paraoxonase was given 30 min after CPS, a significant protection 
against CPS toxicity was still observed, while after 3 h the protective effect was decreased. To mimic conditions of 
severe acute poisoning, a higher dose of CPS (ISO mg/kg) was also administered. Administration of paraoxonase 30 
min after this exposure abolished cholinergic signs and significantly protected against AChE inhibition. These results 
indicate that exogenous paraoxonase offers significant protection against CPS toxicity when administered both before 
and after the organophosphate, suggesting that it may be considered as a potential additional treatment of organophos- 
phate poisoning. 

Keywords: Chlorpyrifos; Paraoxonase; Acetylcholinesterase inhibition; Organophospate toxicity; Mice 



1. Introduction 

Paraoxonase (EC 3.1.1.2) is an esterase first 
recognized by Aldridge [1] as being able to 
hydrolyze the organophosphate paraoxon (PO) to 
/7-nitrophenol and diethylphosphoric acid. Para- 
oxonase is present in several mammalian tissues, 
with liver and blood having the highest activity 
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(reviewed in [2]). In addition to PO, paraoxonase 
can hydrolyze a number of other organophos- 
phates, such as chlorpyrifos-oxon (CPO), pyrimi- 
fos oxpn, diazinon oxon, as well as certain aro- 
matic esters such as phenyl acetate [3]. 

Human serum paraoxonase exhibits a genetic 
polymorphism [4], which is inherited according to 
a single Mendelian two-allele trait at a single 
autosomal locus. Three phenotypes of paraox- 
onase have been found in population studies: in- 
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dividuals homozygous for the low activity allele 
(A-type) or for the high activity allele (B-type), or 
heterozygotes (AB-type). The paraoxonase poly- 
morphism has been studied in several populations, 
and a clear bimodal distribution has been found in 
Caucasian populations (reviewed in [2]), with a 
gene frequency of 0.69 for the low activity allele 
and of 0.31 for the high activity allele [5]. The ge- 
netic polymorphism of paraoxonase activity is 
substrate-dependent. In addition to PO, the 
polymorphism is also observed with the oxons of 
raethylparathion, chlorthion and EPN (reviewed 
in [2]), but not with phenyl acetate or CPO [5]. In 
addition to qualitative genetic polymorphism, a 
remarkable variation in serum paraoxonase levels 
within a genetic class is also present. Western blot 
experiments have, indicated that the variation in 
serum paraoxonase. activity corresponds, to differ- 
ences in protein levels [6]. 

Human serum paraoxonase has been purified to 
homogeneity [7,8] and evidence suggests that 
human serum contains a single enzyme with both 
paraoxonase and arylesterase activity. Purified 
paraoxonase is a glycoprotein with a minimal mo- 
lecular weight of about 43 000, with carbohydrate 
representing about 15.8% of the total weight [8]. 
Calcium is required for both enz)maatic stability 
and catalytic activity [7J. Paraoxonase is very 
closely associated with the high-density lipopro- 
tein (HDL) fraction of serum, suggesting a role for 
this enzyme in lipoprotein metabolism [9]. 

Rabbit and human paraoxonase cDNAs have 
been cloned and sequenced [10,1 1]. The rabbit and 
human cDNA clones are extensively conserved in 
nucleotide and deduced amino acid sequences 
(86% homology). Northern blot hybridization 
experiments have shown that paraoxonase is syn- 
thesized predominantly in liver and Southern blot 
experiments indicate that it is encoded by a single 
gene [10]. Two polymorphic sites have been iden- 
tified in human paraoxonase: Leu/Met at position 
55 and Arg/Gln at position 192, land the polymor- 
phism in enzyme activity has been ascribed to the 
latter [12], with low activity homozygotes (A-type) 
presenting Gin in position 192. cDNAs for mouse 
or rat paraoxonase have not been cloned yet. 

It has long been suggested that paraoxonase 
polymorphism may influence human susceptibility 



to organophosphorus insecticide toxicity [13-15]. 
Animal studies suggest that this may be the case. 
The greater toxicity of organophosphates in birds, 
compared to mammals, correlates with the very 
low levels of serum paraoxonase activity in avian 
species [16]. Rabbits, which have a 7-fold higher 
enzyme activity than rats, have a 4-fold higher tol- 
erance to PO toxicity [17]. Furthermore, adminis- 
tration of exogenous paraoxonase to rats has been 
shown to offer protection against the toxicity of 
PO and CPO [18,19]. 

. The present study was undertaken to expand 
these latter findings in another species, the mouse, 
in order to provide additional support for the 
hypothesized significant role played by paraox- 
onase in influencing susceptibility to organophos- 
phate toxicity. In particular, we addressed the 
questions of whether exogenous paraoxonase 
would affect the toxicity of a phosphorothioate, in 
addition to the oxon, and would be useful as a 
therapeutic agent when administered after organo- 
phosphate poisoning. 

2. Materials and methods 

2.1. Animals and chemicals 

All animals used in this study were female 
BALB/c mice (aged 8-10 weeks; body weight 
17-21 g). Animals were housed 5 per cage and had 
water and food ad libitum. Chlorpyrifos (CPS, 
0,0-diethyI-0-(3,5,6-trichloropyridyl)-phosphoro- 
thioate, 98.8% purity) was obtained from Chem 
Services (West Chester, PA). CPO (0,0-diethyl-O- 
(3,5,6-trichloropyridyl )-phosphate| 96,2%) purity) 
was a gift from Dow Chemical Company 
(Midland, MI), PO (diethyl p-nitrophenyl phos- 
phate, > 99% purity) was obtained from ICN 
Biomedicals Inc. (Plainview, NY). 

2.2. Purification of rabbit serum paraoxonase 
Paraoxonase/arylesterase was purified from rab- 
bit serum (Northwest Rabbit Company, Port Or- 
chard, WA), as previously described in detail [7]. 

2.5. Animal treatments 

Purified rabbit serum paraoxonase in G-75 elu- 
tion buffer (50 /il; 3.34 units of paraoxonase, 41.7 
units of chlorpyrifos-oxonase) was injected i.v. 
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(tail vein) and i.p. as noted for each experiment. 
Control animals received no injections. Blood for 
enzyme assay was drawn from the postorbital vein 
of the eye to assure equilibration of the enzyme 
with the serum. CPO (14 mg/kg) or CPS (100 
mg/kg or 150 mg/kg) was dissolved in acetone, and 
a volume of 20 ii\ was applied to a previously 
shaven 4-cm^ area on the back of the mice. These 
dosages were chosen on the basis of preliminary 
experiments. Control animals received the same 
volume of acetone. After 4 h blood was withdrawn 
from the postorbital vein, mixed with heparin, and 
kept on ice. Animals were then terminated by cer- 
vical dislocation, and brain and diaphragm were 
rapidly removed on ice. 

2.4. Assay of paraoxomse and chlorpyrifos-oxonase 
activities 

Paraoxonase and chlorpyrifos-oxonase activi- 
ties were determined in plasma by methods 
developed by Furlong et al. [5,20]. The stock assay 
buffer contained 2.0 M NaCI, 0. 1 M Tris-HCl, pH 

8.5, and 2.0 mM CaCl2. For the paraoxonase 
assay, 1.2 mM PO in assay buffer was made fresh, 
and 10-15 min of vigorous stirring was required to 
assure maximum and complete solubility. For each 
reaction, 1-10 fi\ plasma was added to 1 ml PO 
assay solution and initiated at 3TC. The absor- 
.bance. of p-nitrophenol was continuously moni- 
tored for 4 min at 405 nm. For the chlorpyrifos- 
oxonase assay, a 30-mM solution of CPO in 100% 
methanol was prepared. The incubation mixture 
contained 1-10 /il plasma and 1 ml stocking assay 
buffer... Jhe reaction was initiated at 37°C by ad- 

. ding lD;^tl CPO solution to the mixture, and the 
absorbance of 3,5,6-trichloro-2-pyridinol was con- 
tinuously monitored in 2 min at 310 nm. Enzyme 
activity is expressed as units/1 (unit = /imol PO or 
CPO hydrolyzed/min). Basal levels of paraoxonase 
in plasma from control (untreated) mice were 
238 ± 49 units/1 and 3086 ± 692 units/1, with PO 
or CPO as substrate, respectively (n = 18-20). 

2.5. Acetylcholinesterase (AChE) assay 

Activity of AChE in brain and diaphragm was 
assayed according to the method of Ellman et al. 
[21] as modified by Benke et al. [22]. Plasma and 
red blood cell (RBC) cholinesterase activities were 



determined based on the method of Voss and 
Sachsse [23]. Fresh heparinized blood samples 
were used in this assay. AChE activity is expressed 
as iimol ATC hydrolyzed/min/g of wet tissues or 
ml of blood. In control (untreated) mice, AChE 
activities were: 16.40 ± 0.64 (brain), 3.08 ± 0.09 
(diaphragm), 2.90 ± 0,34 (plasma) and 0.53 ± 
0.06 (RBC) (n = 20). 

2.6. Data analysis 

Student's Mest (unpaired, two-tail) was applied 
to the means of the control and treatment groups 
to determine the significance (P < 0.05) of any dif- 
ferences in AChE activity [24]. Calculations and 
analyses were carried out by using Statview stat- 
istical software. 

3. Results 

Previous studies had examined, the half-life of 
rabbit paraoxonase (3.34 units paraoxonase; 41.7 
units chlorpyrifos-oxonase) injected into mice by 
different routes (i.v., i.p. and i.m.; [25]). Based on 
the results of those studies, 2 types of administra- 
tion were chosen for the present experiments: i.v. 
injection, which elevated mouse serum enzyme ac- 
tivity toward CPO by 35-fold at 30 min with a half- 
life of 6 h; and a combination of i.v. plus i.p. injec- 
tions w:hich' still increased enzyme activity toward 
CPO by 35-fold, but also increased the half-life to 
30 h [25]. 

To examine whether the increased serum para- 
oxonase levels would offer protection against 
cholinester^ise inhibition caused by CPO, the 
chOTiical Hyas applied dermally, since this is the pri- 
mary route of exposure to organophosphorus in- 
secticides. In each experiment, 3 groups of animals 
were used: a control group, which received acetone 
only; a CPO group, which received CPO dissolved 
in acetone; and a CPO -I- CPOase group, which 
was given paraoxonase via i.v. injection, followed 
after 30 min by CPO. Serum paraoxonase activity 
was measured 30 min following enzyme adminis- 
tration, and in all experiments, enzyme activity 
toward chlorpyrifos-oxon (CPOase) was increased 
by 25- to 35-fold. Animals were sacrificed 4 h after 
exposure to CPO. AChE activity in brain, dia- 
phragm, plasma, and RBC was measured as an 
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index of CPO toxicity. At the dose of 14 mg/kg, 
CPO caused significant AChE inhibition in 
various tissues, without causing any significant 
sign of intoxication. AChE activity was signifi- 
cantly less inhibited in mice pretreated with 
purified rabbit paraoxonase than in control ani- 
mals, indicating that i.v. injection of the enzyme 
provides protection from a dermal CPO challenge. 
This protective effect was most pronounced in 
brain and diaphragm, where AChE activity (as % 
of control) was 12 ± 1 and 23 ± 2 vs. 89 ± 3 and 
89 ± 7, respectively (« = 3-6; P < 0.05). The 
effect of administration of exogenous paraoxonase 
on the toxicity of parent compound, CPS, was also 
examined. The experimental design was identical 
to that utilized for CPO. The dose of CPS was 100 
mg/kg, which caused 50-60% inhibition of AChE 
activity in birain without any significant 
cholinergic sign. Intravenously injected paraox- 
onase afforded protection against CPS toxicity in 
most tissues, particularly in brain. In this tissue, 




Brain Diaphragm Plasma PBC 



Tissue 

Fig. 1. Inhibition of AChE activity following dermal exposure 
to CPS (100 m^kg) in animals which were administered CPS 
alone (solid bars; CPS; b = 4-6) and in animals which were 
preinjected with 6.68 units of paraoxonase i.v. plus i.p. 24 h 
prior to challenge (hatched bars; CPS + CPOasc; n = 5-7). 
♦Significantiy different from CPS alone, P < 0.05. All results 
are expressed as percenta^ of control ammals (acetone- 
treated) and represent the means ± S.E.M. 



AChE activity (as % of control) was 41 ± 4 vs. 
92 db 9 (« = 5; P < 0.05). These results confirm 
our previous observations [25]. 

Since the half-life of rabbit paraoxonase given 
by the i.v. plus i.p. route was very long [25], in an 
additional experiment mice were challenged with 
CPS 24 h, instead of 30 min, after the i.v. plus i.p. 
injections of the enzyme. The dose of CPS (100 
mg/kg) was the same as that utilized in the pre- 
vious experiment, but mice were injected with 6.68 



o 
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Fig. 2. Inhibition of AChE activity in the indicated tissues 
following dermal exposure to CPS (100 mg/kg) in animals 
which were administered CPS alone (solid bars; CPS; n = 4-6) 
and in animals which were injected i.v. with 3.34 units of 
paraoxonase 30 min (A) or 24 h (B) after challenge (hatched 
bars; CPS + CPOase; n = 3-5). Results are expressed as per- 
centage of control animals (acetone-treated) and represent the 
means ± S.E.M. ♦Significantiy different from CPS alone, P < 
0.05. 
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units of paraoxonase. CPOase activity at 24 h was 
still 20-fold higher than basal (not shown). As 
shown in Fig. 1, AChE activity in brain and 
diaphragm was significantly less inhibited in mice 
which were treated with paraoxonase 1 day before 
CPS challenge. 

the experiments described above indicate that 
paraoxonase decreases CPS inhibition of AChE, 
when injected either 30 min or 24 h before expo- 
sure to the chemicals. Additional experiments were 
carried out to determine whether paraoxonase 
could still be effective when administered after 
CPS exposure. For this purpose, mice were given 
CPS (100 mg/kg) followed by i.v. injection of 
paraoxonase at different intervals. Cholinesterase 
activity in various tissues was measured 4 h after 
CPS administration. When mice received paraox- 
onase 30 min following CPS exposure, the enzyme 
did prevent the reduction of cholinesterase activity 
in all tissues (Fig. 2A). When paraoxonase was in- 
jected 3 h after CPS, however, there was only a 
protective effect in brain and diaphragm, and no 
effect in plasma and RBC (Fig. 2B). 

The dose of CPS (100 mg/kg) used in the above 
experiments caused significant reductions of 
cholinesterase activity, but no obvious signs of 




Tissue 



Fig. 3. Inhibition of AChE activity in the indicated tissues 
following dermal exposure to CPS (150 mg/kg) in animals 
which were administered CPS alone (solid bars; CPS; « = 3) 
and in animals which were injected i.v. with 3.34 units of 
paraoxonase 30 min after challenge (hatched bars; CFS + 
CPOase, « = 3). Results are expressed as percentage of control 
animals (acetone-treated) and represent the means ± S.E.M. 
'Significantly different from CPS alone, P < 0.05. 



cholinergic intoxication. Therefore, a higher dose 
of CPS (150 mg/kg) was selected in the next experi- 
ment to test the effectiveness of paraoxonase under 
conditions of severe acute CPS poisoning. At this 
dose, acute symptoms developed 2-3 h after CPS 
poisoning, including weakness, lacrimation, atax- 
ia, and difficulties in breathing. No signs of CPS 
intoxication were present in mice which received 
i.v. paraoxonase 30 min following CPS exposure. 
A striking protection against cholinesterase inhibi- 
tion was observed in brain and diaphragm (Fig. 3). 

4. Discas»on 

The results of these studies indicate that purified 
rabbit paraoxonase injected into mice increases the 
serum activity and protects mice from CPS toxic- 
ity. Paraoxonase was able to preyent the decrease 
in cholinesterase activity when it was administered 
before, as well as after, CPS poisoning. 

There has been substantial speculation about 
the in vivo role of serum paraoxonase in detoxify- 
ing organophosphorus insecticides, however, only 
a few studies with rats have directly approached 
this question [8,19]. Here, we have expanded pur 
initial observations in mice [25]. The advantages of 
a mouse model are that much less purified paraox- 
onase is required for injection than with rats, and 
that the species is ideal for gene transfer studies, 
such as the development of transgenic mice with 
altered paraoxonase levels. The results reported 
here show that the mouse is suitable for these 
studies. 

The parent thioate compounds, such as para- 
thion and CPS, require , conversion to bxons to 
become active inhibitors to cholinesterase. The 
thioate compound itself is neither toxic nor a sub- 
strate for serum paraoxonase. Previous studies 
demonstrated that serum paraoxonase provided 
protection against PO and CPO in rats [18,19], 
and in mice [25]. Our results expand an initial ob- 
servation [25], and show that injected rabbit 
paraoxonase provides excellent protection also 
against the toxicity of the parent compound CPS. 

The other distinctive finding of this study is that 
high serum paraoxonase was able to prevent the 
reduction of cholinesterase activity when it was 
administered after CPS exposure. This finding sug- 
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gests that the use of paraoxonase in organophos- 
phate poisoning (possibly in combination with 
other conventional treatments) should be further 
investigated. 

It had been hypothesized that individuals with 
low serum paraoxonase activity would have a 
diminished ability to metabolize the oxygen me- 
tabolites of organophosphates, and therefore 
might be more sensitive to the toxicity of certain 
organophosphates [14,151. Our finding that levels 
of serum paraoxonase activity could affect the tox- 
icity of CPS, the parent compound applied as an 
insecticide, suggests that epidemiological studies 
may be conducted to test the hypothesis that gene- 
tic variations in serum paraoxonase activity may 
represent a factor in determining susceptibility to 
poisoning by organophosphorus insecticides. 

Raising the serum paraoxonase activity provides 
very effective protection of cholinesterase inhibi- 
tion from CPO. and CPS toxicity in brain and 
diaphragm. Particularly in brain, nearly complete 
protection was found if paraoxonase was injected 
30 min after CPS administration. On the other 
hand, the protective effects toward plasma and 
RBC cholinesterase varied. The only significant 
protection in both plasma and RBC was observed 
when paraoxonase was given 30 min after CPS. In 
a recent study, it was observed that another 
organophosphate-hydrolyzing enzyme, phospho- 
triesterase, could not prevent the decrease of 
serum cholinesterase activity caused by PO [26]. It 
has been suggested that the high affinity of 
organophosphates to the serum cholinesterase 
might explain this finding. It should be noted, 
however, that the toxicity of organophosphates is 
primarily due to the accxmiulation of free acetyl- 
choline in brain and diaphragm, and, therefore, 
the protection of cholinesterase inhibition found 
in these two tissues might be more important than 
in blood. Indeed, in the experiment with a high 
dose of CPS (150 mg/kg), paraoxonase alleviated 
the signs of cholinergic intoxication. 

The traditional therapy for organophosphate 
poisoning consists of a combination of drugs such 
as atropine and oxime given after exposure. 
Recently, another suggested approach in the treat- 
ment of organophosphate intoxication has been 



the use of exogenous enzymes as pre-treatment 
drugs [27]. Compared to the combination of anti- 
muscarinics and reactivators, the pre-treatment 
with exogenous enzymes may alleviate certain side 
effects, such as tremors and convulsions. Different 
kinds of exogenous enzymes have been examined 
for their effectiveness against organophosphate 
toxicity. Cholinesterase has been shown to be 
capable to sequester organophosphates and reduce 
their toxicity [28]. Organophosphate-hydrolyzing 
enzymes, like paraoxonase or phosphotriesterase, 
which are able to degrade a wide variety of 
organophosphates, have also protective effects 
[19,26,29; this study]. 

It may be expected that organophosphate- 
hydrolyzing enzymes would be much more effec- 
tive in protecting from organophosphate toxicity. 
The protection of cholinesterase against organo- 
phosphates is via the formation of 1:1 stoichio- 
metric covalent conjugates with the toxic agent. 
The exogenous cholinesterase is inactivated when 
it binds to the organophosphate compound, and 
thus a large amount of cholinesterase will be need- 
ed to obtain the significant protection. In contrast 
to cholinesterase, both paraoxonase and phos- 
photriesterase are able to catalytically detoxify 
their organophosphorus substrates over a short 
time period using small quantities of enzyme. As a 
treatment for organophosphate poisoning, serum 
paraoxonase has some advantages compared with 
other enzymes. The purification procedure of 
serum paraoxonase has been developed, and pure 
paraoxonase can be readily prepared in sufficient 
quantities. Serum paraoxonase is also very stable 
during storage in the presence of calcium ion. 
Since the rabbit and human paraoxonase cDNAs 
have been cloned and sequenced, it should be pos- 
sible to develop a recombinant system to produce 
paraoxonase in an economical way. According to 
our results, the half-life of exogenous paraoxonase 
in mouse circulation is very long, more than 30 h 
when administered by i.v. plus i.p. injection, and 
more than 50 h when given by i.v. plus i.m. injec- 
tion [25]. Since serum paraoxonase is able to 
hydrolyze a wide variety of organophosphates, in- 
cluding insecticides, and the nerve agents soman 
and sarin, with a relatively high turnover number, 
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this enzyme should be considered as a potential 
additional treatment for organophosphate poi- 
soning. 
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The effect of the human 
serum paraoxonase 
polymorphism is reversed 
with diazoxon, soman and 
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Many organophosphorus compounds (OPs) a 



able to clearly resolve individuals homozygous for the 
low-activity paraoxonase isoform (QQ individuals) from 
heterozygotes (QR individuals) (Fig. 2a-c). However, 
only the plot of diazoxon hydrolysis versus paraoxon 
hydrolysis (Fig. 2c) clearly resolved all three genotypes 
and at the same time provided important information 
about the level of enzyme expressed in a given individual. 
This two-dimensional enzyme analysis provides a com- 
plete assessment of an individual's PONl status (geno- 
type and phenotype). PONl levels in a given individual 
are usually very stable over time'^. 

One of the most interesting observations was the 
reversal of the effect of the PONl activity polymorphism 
for diazoxon hydrolysis relative to paraoxon hydrolysis 
(Fig. 2c). RR homozygotes (high paraoxonase activity) 
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potent cholinesterase inhibitors, accounting for their had lower diazoxonase activities (mean=7948 U/1) than 
use as insecticides and, unfortunately, also as nerve QQ homozygotes (mean=12.318 U/1). Average rates of 
agents. Each year there are approximately 3 million diazoxon hydrolysis (10,619 U/I) were somewhat higher 
pesticide poisonings world-wide resulting in 220,00 than the rates of chlorpyrifos oxon hydrolysis (8233 U/1), 
deathsi-2 ^ 990, there were 1 .36 million kg of suggestmg that on average, humans may be better able 
Chlorpyrifos, 4.67 million kg of diazinon and 1 .23 mil- to detoxicate diazinon than chlorpyrifos or parathion. 
lion kg of ethyl parathion manufactured in the USA We also observed an increased frequency for the R,„ 
(data supplied by the USEPA). In addition to expo- allele (0.41) in thU Hispanic population compared with 
sure risks during pesticide manufacturing, distrlbu- a frequency of 0.31 observed m populations of North- 
tion and use, there are ri^ks associated with the ern European origin'^ This results in approximately 
major international effort'almed at destroying the I60/0 of individuals of Hispanic ongm being homozy- 
arsenals of nerve agents, including soman and sarin, gous for the R,,^ PONl isoform compared with only 
The United States has pledged to destroy approxi- 9% of individuals of Northern European origin • 
mately 25.000 tons of chemical agents by the end Following the Mardi 1995 release of sann m die Tokyo, 
of the decade^. The high density lipoprotein (HDL)- subway, we examined the effect of the PON l po ymor- 
associated enzyme paraoxonase (PONl) contributes phism on soman and sarin hydrolysis, as PONl is he 
significantly to the detoxication of several OPs (Fig. only enzyme from humans known to hydrolyse the 
1) The insecticides parathion, chlorpyrifos and diazi- phosphorus-fluorine bond of these ^"l^o"*! "^^^^^ 
non are bioactivated to potent cholinesterase agents*. It is dear that the effect of the polymorphism is 
inhibitors^ by cytochrome P-450 systems^. The reversed for both of these compounds, especially sarm 
resulting toxic oxon forms can be hydrolysed by (Fig. 2d. e). The mean value for sarm hydralysis was o^^^^^^ 
• PON1 . which also hydrolyses the nerve agents 38 U/1 for the R„2 homozygotes cornpared with 355 U/1 
soman and sarin^ (Fig. 1). PONl is polymorphic in for the Q,^ homozygotes (J^'J^ '^-^^^^''^^S^^^^^ 
human populations and different individuals also for hydrolysis of each of the PONl substrates are also 
express widely different levels of this enzyme''-^. The shown m Table 1. ,. , , • j- -j 

Araicp (Riqp) PON1 isoform hydrolyses paraoxon These results help to explain the large mdividual dit- 
rapidly, whUe the Glnio, (Q191) isoform hydrolyses ferences in sensitivity to OP insecticides processed 
pamoxon slowly6.io. e'^h isofomis hydrolyse chlor- through the P-450/PON1 pathway or hydrolysed direct- 
pyrifos-oxon8 9 and phenylacetate^ ''.^ at approxi- ly by PONl. As the dose response curves for OP toxici- 
mately the same rate. The role of P0N1 in OP ty are very steep'^ a small percentage difference in 
detoxiiation is physiologically Significantii-15. mject- metabolic rate can represent a sign.fi^nt d.freren« ,n 
ed PONl protects against OP poisoning in rodent OP sensitivity In this light, it is important to note that 
model systemsl^« and Interspecies differences in we found in earlier studies that newborns have very low 
PONl activity correlate well with observed «an levels of PONl ". leading to the prediction hat new- 
lethal dose (LD50) values8.ii.«. report herWm- boms are probably «f 'fi^^nt^y "^^-^^^^^^^"'^^^^^ 
pie enzyme aniaysis that provides a clear resolution adults to OP compounds processed by POm. Incr^^d 
of PONl genotypes and phenotypes allowing for a sensitivity to OPs has been observed in nwborn rats^ . 
reasonable assessment of an individual's probable In addition to playing a major role in OP detoxica- 
susceptibility or resistance to a given OP. extending tion, the PON I polymorphism has been recently iraph- 
earlier studies on this system. \Ate also show that the cated in another important area of human health, 
effect of the PONl polymotphism is reversed for the Watson etal?^ demonstrated that PONl destroys b.o- 
hydrolysis of diazoxon. soman and especially sarin, logically oxidized phospholipids, while other mvestiga- 
thus changing the view of which P0N1 isoform is tors have shown that the R„2 aUde represents a risk 
considered to be protective. factor for wionaiy artery dis«se"'«.Tlie«sh^^ 

InthecourseofevaluatingthePONl statusof farm S^st Aatthe^meconsidctanons^vcnt^^ 
workers prior to pesticide exposure during the growing nation of both PONl genotype and phenotype (PON 
s4on.^^akod^rminedtheratesofdiazoxonhydrol. status) relative to OP se^tt^tyvaU also be imporUnt 
ysis. By plotting the acthrity distributions for the three for studies on the role of PON l in vascular disease, 
substrates, dMorpyrifos oxon. phenylacetate and dia- . These studies underline the importance of examvnmg 
zoxon, against the rates of paraoxon hydrolysis, we were the effects of polymorphisms on each substrate or 
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Fig. 1 PONI-a 
biodegradatlon of parathion, 
chlorpyrlfos (Dursban®), 
diazinon, soman and sarin. 
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inhibitor of physiological importance. A single amino Methods ^ • j- -j , , 

acid mutation in acetylcholinesterase has been demon- Human subjects. Plasma (heparin) from 92 individuals of. 

strated to cau.se a reversal in sensitivities of leaf hoppers Hispanic origin were drawn via venipuncture vnth informed 

to specific OP insecticides^^ Reversal of sensitivity to «>nsent. 

inhibitors by single amino acid changes have also been Enzyme assays. Hydrolysis rates of paraoxon", phenylacetate^* 

observed in plant^* and viral^^ systems. The effect of the chlorpyrifos oxon (CPO)* were determined as described. 

PONl polymorphism on sarin hydrolysis illustrates how Rates of diazoxon hydrolysis were determined by a continuous 

dramatic the reversal of the effect of an enzyme poly- spectrophotometric assay developed in our laboratory (R.I.R. 

morphism can be. and C.E.F., manuscript in preparation) based on published 



I «o. 



f 



Paraoxonase C 



FTg. 2 Population distribution plots of. a. chlorpyrifos-oxohase vs. 
paraoxonase; b, atylestarase vs. paraoxonase; c, diazoxonase vs. 
pataoxonase (n <= 92. a-c); d, somanase vs. paraoxonase <p = 75); 
and e, sarinase vs. paraoxonase <n = 78). O = QQ individuals 
(Gln,92 homozygotes). ■ = QR individuals (heterozygotes). and 
A = RR indlvicluals (Aig,92 homo^gotes). Geno^pe assignments 
were made from (c). 
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Table 1 Ranges of PON substrate activities in human setum 





Diazoxoti 


iase« (U/L) 


Sarinase^ (U/L) 


Somare 


ise'(U/L) 






Mean ± S.D. 


Range Mean ± S.D. 




Mean ± S.D. 


Ad 


2174-23316" 


10619 ± 3207 


0-758<= 230 ±191 


616-2982" 


1658 ± 660 


QQ 


2174-23316= 


12318*3748 


0-758' 355 ±183 


870-29829 


2143 ± 576 


QR 


5903-1627'' 


10426 ±2302 


0-54r 198 ±161 


616-28151 


1518 ±558 


RR 


5400-11193'' 


7948 ±1712 


0-144' 38 ±47 


754-1616"' 


992 ± 263 




Paraoxonase^ (U/L) 


CPOase^(U/L) 


Arylesterase* (M/ml) 




Range 


Mean ± S.D. 


Range Mean ± S.D. 


Range 


Mean ± S.D. 


All 


121-2786" 


924 ± 603 


2415-1 3540" 8233 ± 1 908 


57-235" 


136 ±32 


QQ 


121-532« 


328 ± 79 


2415-11101® 7484 ±1840 


57-2358 


138 ± 37 


QR 


653-1418*' 


977*171 


5134-11160" 8152 ±1519 


88-198" 


131 ± 28 


RR 


1237-2786" 


1769 ±354 


7480-13540'' 9794 ± 2001 


106-205'' 


145 ± 32 



"Assays are described in Methods, "n = ~, .. .- . ™ . 

38. "Vi = 18, "n = 12, <"n = 11. All = all individuals in study, QQ = Gin,,, homozygotes, QR = helerozygotes, 
RR = Aigi9, homozygotes. 



spectral data"'^". The incubation mixtures contained 0.1 M 
TtU-HCI, pH 8.5. 2.0 M NaCI, 2.0 mM CaClj, 500 nM diaiox- 
on, and 5 |il of plasma in a volume of 1 ml at 24 °C. 
Appearance of 2-isopropyi-4-mcthyl-6-hydroxy pyrimidine 
(IMHP) was continuously monitored at 270 nm in a Beckman 
DU-70 spectrophotometer. Tlie reaaion was initiated by addi- 
tion of plasma. 

Hydrolysis rates of sarin and soman were determined at the 
USAMRICD Facility with a titrimetric procedure, using a 
Radiometer TTT80 pH-stat and an ABU80 autoburette. 3 ml of 
1 mM soman or sarin in l.O M NaCl with 2.0 mM CaCIi were 
added to a temperature-controlled reaction vessel fitted with a 



capillary delivery tube from the autoburette, and the back- 
ground hydrolysis rate was monitored for several minutes. 
Then, 50 ^d of plasma were added and die resulting hydrolysis 
rate monitored at 25 'C. The background rate was subtracted 
from the sample hydrolysis rate. All samples were measured in 
triplicate. 
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1 2 

MAMMALIAN ARTIFICIAL predictable amount of a gene product Thus, a need exists for 

CHROMOSOMES AND METHODS OF USING vectors fliat can contain large fragments of DNA and that are 

SAME stably maintained in mammalian cells. The present inven- 

tion satisfies this need and {H-ovides related advantages as 
This invention was made with goveramcDt support under 5 well. 
GM 23241 and GM 18835 awarded by the United States SUMMARY OF THE INVENTION 

Public Health Service. The government has certain lights in . , 

Ibis invention. P^^^^^^ mvenUon provides a mammaban ardflaal 

This appUcation claims the benefit of pri«ity of U.S. chromosome (MAC), comprising a centromere and umque 
Provisional Application No. 60/039.256. filed Oct 31. 1995, lo cloning site, said MAC containing less than about one-tenth 
which was converted from U.S. Ser. No. 08/550,717, now ^ (0-l*> «f ^ 

abandoned, the entire contents of which is incoiporated haploid median genomcfromwhiA the ^nt^ 
herein by reference. obtained. The mvention further provides a MAC. wherem 

the unique cloning site is a nucleic acid sequence encoding 
BACKGROUND OF THE INVENTION 15 a selectable marker. For example, the Lavention provides a 

t XT lA fit, T tt MAC having a centromere from human chromosome 1 and 

l^Fieldotttic invention a nucleic acid molecule encodmg a subunit (designated 

ThcpresentinvcnUonrelatesgenendlytomolecularbiol- ai-3)of complex H of the mitochondrial electron transport 
ogy and molecular gencttcs and more specifically to mam- ^ ^^^^^ ^^^3 ^bout 0.05% of 

malian artilicial chromosomes. ^ pj,^ nonnany present in a haploid human genome. 

2. Badiground Mmnation The invention also provides methods of using a MAC For 

The ability to done and otpress nucleic add molecules example, the invention provides methods of staWy cjqpiess- 
has resulted in the identification of numerous genes and gene ^ exogenous nucleic add molecule in a cdl, compcising 

products. As a result of the identification of various genes, introdudng a MAC containing the exogenous nuddc add 
molecular differences between normal and diseased condi- 25 molecule into the cell. The invention also provides a cell 
tions are beginning to be recognized. Foe exaaqde, in containing a MAC expressing an exogenous nudeic add 
various disease conditions such as Duchenne muscular dys- sequence and a bansgcnic mammal «qx«ssing a selectable 
trophy (DMD), cystic fitffosis and some forms of cancer, marfco'. ' 
mutations in particular genes appear to be the basis for the _ nP^JPRumON OF THF nRAWTNns ' 

underlying pathology. In DMD. for example, a mutation in 3^ BRJEF DESCRIPTION OF THE DRAWINGS 
the dystro^iin gene can result in the formation of only part FIG. 1 illustcates taigeting vectors for introdudng; a-loxP 
of Ihb dystrbplm protein, whidi functions abnormally and site, whidt is a target sequence recognized by'ttS'^bafit^-'' 
contributes fo the diaracteristic signs and symptoms of rioi*age PlCrc leoomlMnase, into MAC-8.2;33.iiHiBi;3lA! 
DMD. shows a targeting vector containing two loxP isiG£s C^axP 

The identification of a molecular defect as (he cause of a 35 site") flanking the neomycin resistance gene C*ne# gene^)^ 
particular disease suggests possible apjpioadies f«: amelio- contains flie ATG start codon and die neogene pro- 

rating the disease at the molecular level. Gene ther^y, in meter Oocated between the 5' loxP site and the ATG 
particular, holds the promise of correcting a pa&ologysudi sequence). Flanking the loxP sites are genomic DNA 
as DMD by introdudng a normal dystiopida geae into Ifae sequences of the human 01-3 gene; the darkly stippled bar 
muscle cells of an individual suffoing ft<m DMD. 40 w^Hcates the 01-3 joomotcr and the hatdied bars indicate 
Unfcrtonatdy, the specific molecular defect has beoi iden- 01-3 gene exon or intron sequences. Outside of (he 01-3 
tified in onfy a handful of diseases. In addition, some genes gene sequences is the HSV-tk gene, whidi is lost fdlowing 
such as tbB dystrophin gene contain over one million base homologous recombination of (he vector into the OI-B gene 
pairs and. flierefoie, are too large to be coavenifaifly Hans- present on MAC-8^ (see FIG. JB). 
fetred from one ceU into anodur uang currently anrailaUie 43 FIG. IB shows tiut targeting vector aS FIG. lAfdlowing 
technology. homologous reccnuUnation into tiie 01-3 gme present on 

E has been proposed that flie identification of evay gene MAC-«.23. 
in the human genome will provide insight into the media- FIG. IC shows the integration site as illustrated in FIG. 
nisms responsible for many diseases. Thus, the Human IB fdlowing cxdsion of the neo gene by flie Cre recombi- 
Genomc Project was initiated to develop a linkage map for so nasc. Following Cre recombinase action, a single loxP site 
eadi of (he twenty-three pairs of human cfaromostHnes and, remains in MAC-8.23. 

ultimately, to obtain the nucleic add sequence of (be entire fKj. ID illustrates a second tarring vector, vrtildi can 
human genome. However, a structural description, alone, of insert into a loxP site sudi as that diown in FIG. IC. The 
file human genome is not Ukely to be sufSdent to allow, for circularized vector contains a single loxP site, whidi can 
exanqde, an understanding of the medianisms of gene ss insert into a loxP site present in a MAC due to Ore 
regulation, which can depend on DNA r^;ulat<xy elements reoondnnase activity. The vedOT contains an exogenous 
that are located fliousands of base pairs <x mxe from the nuddc add sequence ("cDNA") and the promoterless open 
i^^ilated genes. reading fiame encoding die neo gene product 0>eo^ORF) 

Cuiien% available mammalian vectois such as letrovital Fdlowing inserlioa of dw vector into a loxP dte sudi as 
vectors can harbor, at best, DNA fragments containhig op to fio thitf shown In FIG. IC, a didstcooic ttanso^ (cDNA-neo) 
about ten thousand nucleotides. In comparison, yeast vectors is produced; «^ession of fllie traascr^t is from the 01-3 
sudi as yeast artifiidal chromosomes 05VCs) can harbor prfflnoter present m MAC-8.23 (see FIG. IE). The construct 
DNAfiragments having afew hundred &ousandmxico(ides. also contains an internal libosome entry site ("IRES"), 
However, such YAC vectors are not stable in mamnrnHan vMdi zSkms translation of the neo cpen reading frame in 
cells and. ifaertfcre, cannot be used, for example, as vectors 6S the didstconic transo^ and a pdyadetqrlation Ody 
far gene <eb.eapy, yAMu ideally, would be stOOy maintained (AT), vitadi allows polyadenyMim of die didstronic tnan- 
in a cdl from generation to generation and would ecqxess a scdpL 
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and STOP codonsCTAG") also are shown. f^^Jn^ 3Tim,as^CCAccc^si<^niio:ArCC 

FIG. 2 provides a schematic representation of the 5 convenience, the MAC present in the ceU 

genomic 01-3 DNA sequence cloned in pJOS2. "^tron-A available as ATCC Accession No: ATCC CRL 1 1992 is 

(SEQ ID NO: 3), "Eson-A" (SEQ ID NO: 4) and "Intton-B , j-efeired to herein as MAC-8.23. 

(SEQ ID NO: 5) are indicated. "X" (SEQ ID NO: 6) and /Y; ^ invention is defined, in part, by having a 

(SEQ ID NO: 7) also are indicated. "pJ0S2.Rev" (SEQ ID excluding the centromere, that is less than about 0. 1% 

NO: 8). "pJ0S2.T7" (SEQ ID NO: 9). HuQPSl.Forwr lo ^^A present in a nOTnai mammalian haploid genome, 
(SEQ ID NO: 10) and "HuQPSl.Rev3" (SEQ ID NO: 11) particular mammalian genome being that genome from 

indicate the location of primers and the associated arrows vvhich the centromere is obtained. For OEainple, MAC-8.23 
indicate the direction of synthesis from the primer. "Hatch- defined in terms of a human genome because Ifae cen- 

ine" indicates that the length and sequence of the genomic tromere of MAC-8.23 was obtained from human <*rom^ 
DNA has not yet been determined. The subclone is shown 15 ^qjj^ i. a human haploid genome contains about 33x10=- 
with the 5*-end at the left and the 3'-*nd at the left, with base pairs of DNA. Thus, a MAC having a centromere 
resoect to the coding sequence of Exon-A(see SEQ ID NO: obtained from a human genome contains a cenfron^e and 
n Sis approximJtetyto scale, except for size andposition less than about 33 million "^.P?"^- ^J-^^ for 
^'!^^hlt^^A r«Tion/ example, contains a centromere and, m addition, about 1-2 

Of the hatched regions. ^ ^^^^ ^ 

DETAILED DESCRIPTION OF THE tromere. Jt is recognized, however, that, while a MAC is 

INVENTION defined as having a size that is less than about 0. 1% of a 

The present invention provides a mammalian artifidM nonnal mammalian haploid genome, the MAC caji be u^ 

-«i;o^=Sn=p^^i g9:in^isp^r.^is?^^rs.^ 

^des, for example a MAC containing a portion of 30 P'^^^^^'^S^e"^^ L amount of DNA that 
ruman dffomosome l;^^'«^^'^l^r^ ^|t£sr^lfS#se<mences known as Alu sequences, 
centromere and the Ctt3 gene, which encodes asubunrt ^^^^M^^^NAis considered to be present 
(Gn-3) of complexnof the mitochondrial election tran^ ^ ^"^^^^^gf^ut n« in the centromeres. Thus, 
diainandallowssurvivalofSDHdefect^vehamsleroellsm ^^^^^jS^Sn, contains, in addition to a 
glucose-free (Mascarello ^ al- ^^T;-^ g« « ^.^J^me^ 1^ Sr33xlO« ba^^ pairs of DNA on 

Genet. 28:121-135 (1980). and Canne et ^. Somat Cell centromere. a 

'^As«sedherein,,hetexm''mammaUanartificiald.omo- ^^^^^^ f rx^S^i^'STST^ 

soau^-or-MAC-meat.anudeicacidm^tl^ty S;^t^Sr^SlSfsSu«^oontaincd 

forms a ccnttomere, 2) contams an origin of JONA ^7 °° ^™"but instead, attach toTa nuclcoptotein 

i«pUcation.and3)hasauniquedoningsite,wherai.fl.^ 50 iT^byWe DNA sequen 

of the MAC. excluding f ?,«^^„*L^lSiSS L^as to how a crfromere functions. 

0.1% of the size of a haploid '"'^^^^^^SS ^ tSiSTnttomeiic fragment" is used herein to mean a 

containingthecentromereprescatmtfael^CIppart^ o^rof a ctaomosomelo^dmng a centromere. As dis- 

a MAC of the invention contains a nuclei S h^d-TrS^^ S^t caa be obtained, for 

^^^tJ^L.''hc^'.^^^:'^£it '^S^^'^^S^r^rScognizethataMACcontain- 

65 bdow. 

*^esehamstcroeIIline,XEW8.23,^is.host >^ '^l*^'^; ^^^J^^J^tS^eS 
cctt for aMAC having a human ctaomosome 1 centromeie mean a ccfl containing a MAC XBW83:2 is an cxampleot 
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a host cell. In general, a host cell is usefiil for maintaining 
a MAC and is a convenient "vessel" for manq)ula(ing the 
MAC For exan3|>le, an exogenous nucleic add molecule can 
be introduced into a MAC by transfecting the host cell 
containing the MAC with the nucleic acid sequence under 
conditions that allow the exogenous sequence to be inserted 
into the MAC. An exogenous nucleic add sequence can be 
inserted into MAC-8.23, for example, by homologous 
recombination of a targeting vector containing the sequence 
with the Cn-3 gene present in MAC-8.23. 

As used herein, the term "exogenous nucleic add 
sequence" when used in reference to a MAC means a 
nucleotide sequence that is not normally {nesent on the 
MAC. In contrast the term "endogenous nucleic add 
sequence" means a nucleotide sequence normally present on 
the MAC. Thus, the human CII-3 gene, which is normally 
{X'esent in a pericentric location on human chromosome 1, is 
an example of an endogenous nucleic add sequence with 
reference to MAC-8.2.3 (see, f(x example, SEQ ID NOS: 
3-7). Any other nucleic add sequence that, for example, is 
inserted into the Cn-3 gene sequence on MAC-8.23 is 
considered an exogenous nuddc acid sequence. 

An exogenous nucleic add sequence can be a fragment of 
genomic DNA, which can be prqiared from intact genomic 
DNA by i^ysical disruption using, for example, irradiation 
or sonication or by chemical deav^e using, for exaiiq>le, a 
restriction endonudease sudi as a rare cutting endonuclease 
&at cleaves genomic DNA at relatively few sites. A popu- 
lation of MACs containing diverse friigtneiits of genomic 
DNA prepared from a particular cell type can constitute a 
genomic library, whidi can be soi^ned^ fcs^ to 
identify fragments containing pattii&ular genes of interest 
Since a MAC can contain a fra^&^nt'of !geaomic DNA 
having several million base paii^^ s^di a genomic lilxaiy can 
contain, for example, a conq>lex%enetic locus, thoeby 
providing a model system use^l for identiiying the regula- 
tory regions sudi as enhancers or sflencers that are invdved 
in regulation of gene expression from the locus and tite 
regulatory factors that bind to such regions. Thtis, a MAC is 
usdiil as a doning vector and provides tbc a d diti on a l 
advaiitag<e that veiy large fin^meots of DNA on the order oi 
several million bases can be doned into and maintained in 
the MAC. 

An exogenous nuddc add sequence also can be inserted 
into a MAC for the purpose of bdag c:qxessed. Such an 
«cogenous nucleic add sequence can be, for exanqile, a 
particular gene sudi as the gene encoding dystrophin; or can 
be a cDNA, whidi encodes a gene j^oduct; <h: can be a 
sequence that, when expressed, is comiAeanentaiy to a 
nudeic add of interest and acts, f<x example, as an antisense 
molecule, which can hybridize to a particular DNA car RNA 
sequence, or acts as a ribozyme, whidi can hybridize to and 
deave a particular RNA. Thus, a MAC also can be usefiil as 
an expression vector and provides the additional advantage 
that it is stable through num^ous rounds of cell division. 

An exogenous nucldc add sequence also can indode a 
regulatory element involved in tiie regulation of gene 
expression or of translation of a transcript Such c^ulatoiy 
dements such as a promoter, enhancer, sflenoer, pcdyade- 
nylation signal sequence. ribos<xne entry site, signal peptMe 
encoding sequence, nudear localization signal enoxling 
sequence and tiie like are well known in the art and can be 
ins«ted into a MAC as desired, using well known mdfaods 
<tf recombinant DNA technology (see, foe cxanqilc Kici^er, 
Gene Transfer and Expression: A laboratory manual (WJfL 
Eceeman and Co., New York; 1990), vMdb. is inooipaated 
herdn by refearmce). 



,118 

6 

Various types of regulatory elements are available and are 
selected based on the particular purpose for which a MAC 
is being consbucted. A promotor element for example, can 
be constitutive such as the cytom^alovinis promoter or 

s Rous sarcoma virus px>moter, or can be indudble such as 
the metallothionein promoter. In addition, a promoter can be 
a tissue specific promoter such as the myoD js-omoter. which 
is expressed only in musde cells, or the Ick promoter, which 
is expressed only in T cells, or can be a {sromoto- tiiat is 
active only during a particular stage of development. 
Similarly, enhancers can be constitutive or inducible or, like 
the SV40 enhancer, can be constitutively active and, in 
addition, can be induced to a higher level of activity. Such 
gene regulatory elements and translation regulatory ele- 
ments generally are relatively small and can be synthesized 

15 using routine methods of DNA synthesis or can be pur- 
chased in vectors from commexdal sources. 

A MAC is characterized, in part by containing a unique 
domng site. As used herein, tilie term "unique doning site" 
means a nuddc add sequence that can be targeted for 

20 insertion of an ex<%enous nuddc add sequence. As dis- 
closed hoein, a unique doning site can be, for example, a 
specific target site such as the loxP sequence, whidi is a 
target for the Cie rccombinase, or an FLP site, which is a 
target for die FRP recombmase (see below). The presence of 

25 sudi a cloning site in a MAC allows the site specific 
integration of an exogenous nuddc acid sequence into the 
MAC. 

A unique cloning site also can be a nuddc add sequence 
encoding a gene product, provided the nuddc add sequence 

30 is present in a single cq[^ on (he MAC As disdosed herdn, 
tiie human CII-3 gene ixesent on MAC8.23 is an example 
of an endogenous, single copy gene useful as a donhig site, 
ff. desired, an exogenous nucldc add sequence can be 
cloned into sudi a single copy nuddc add sequence present 

3S on die MAC using, for example, methods of homologous 
recombination as disclosed herein. For example, where an 
exogenous nucleic add sequence is doned Into the CII-3 
gene present on MAC8.23, the exogenous nucleic add 
sequence is linked to targeting sequences amusing a 

40 potion of ifae CII-3 gene. 

As used herein, the torn "poi&m. of a nucleic acid 
sequence ci a human ClI-3 gene" means a nudeotide 
sequence of tiie human CII-3 gene diat is of a su£fid»it 
length to allow specific hybridization of the sequence to an 

45 endogenous human Cn-3 gene. Specific hybridization can 
be identified by performing routine hybridization reactions 
witii a sdected nucleotide sequence of the Cn-3 under 
stringent hybridization c(Hiditions. Genoaily, sudi a nude- 
otide sequence is at least about 14 nucleotides in length. In 

50 addition, since spedfid^ increases with increasing loiglfa of 
a sequence, a nucleotide sequence that is at least about 18 
nudeotides in length can be particulady useful as a targeting 
sequence. FurifaemKHe, it is well known tiiat the effidency 
of hom(dogous recombination increases with tiie length of 

55 tiie targeting sequence. Thus, targeting sequences of at least 
about 1(X) nudeotides and up to sevo^ kilobases can 
provide rdatiydy hi^ cffidoicy d insertion an exog- 
enous nndeic add sequence into a particular locos. Such 
targeting sequences can be sdected, for example, from the 

ea genomic 01-3 sequences disdosed herdn as SEQ ID NOS: 
3, 5, 6 or 7. Such a sequence also can be sdected from SEQ 
ID NO: 4, which is an cxon of flie C3I-3 gene, or can be 
selected from.nucleotide sequences of the CII-3 cDNA (SEQ 
ID NO: 1). iSang mdhods as disdosed in Exan^le II. 

65 additional seqamces of the innnan CII-3 gene can be 
oMdned, tiicid:^ providing substantially longer targeting 
sapiences osd^d in die Invention. 
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selected from a codmg region «f l^f^^J,^* ^^^^^^^^ actiSTS negative selection, whereby ceUs expressing 

Cn-3 gene, such a sequence generaUy must be longer tern acavi^. or g ^^^3^^ to gancyclovir. Such select- 

a sequence selected from a noncodmg region of the gene. V-^e^Mled by^po^ ft%7onf« an identifiable 
WithregardtothehuinanCn-Sg^epr^^MA^^^^ 5 ^^^^^^^^^X^ise normal ceU and, therefore, do not 

for example ^^^^^f^ ^J'^^^':: 5 req^fti^e availability of a mutant ceU. niese and other 

pscudogenes (see Example U) ana me mgn acgccc 01 . , „jaikers aie well known in the art and commei- 

^equence identity shared between CH^ coding sequenc^of '^K^f^J^J^'^,,^ Sambrooket aL, Molecu- 

different species can result m "^'^^^J^.^'.f^^ Lr cS-" A labomtoryZnual (Cold Spring Harbor 

vector into genomic DNA sequences other than die human ^ « ^ggg). which is incorporated herein by 

Cn-3 gene present on MAC8.2.3. Such nonspeolic msertion ^lr^„^ , 6 Q_lfi 151 

Inp^cula^aumquedo^g^te^tean^ ^ disclosed herein, a MAC was prq>ared by isolating 
molecule encodmg a selectable marte, «^ ^ andchatactaizing a portion of a hmnan chromosome con- 
exogenous or endogeno.« nucleic acid SfliS?^3e SpeciflcaUy, a portion of human 
herein, the torn "selectable inarker" meai^ a nud«c «^ ^S^ST^o called iSroi^so^ I, containing 

that do not contam die marker. Thus, a ceu coniainmg a imiuvu. ,ne/i.r'kTii»^ et i^ sunra 1989- see. also. Solus 

MAC expressing a selectable madcer displays a,pben«3^ t^'SfSi^M^^m^^^ 



inarker, which aUows direct identification of a cell oontaui- 35 ^^^^^^ .^LTffte OB 3 ae^ a^^^ 

MAC containing a selectable marker, since a MAC contain- e«d usefiU as a mal- ^ . _u„,^^^fiu^ 

itesurrSque cloning site is exempUfted. a should be 40 MAC-8.23 was sdectedm mutant Chm^eha^^^ 

Sneis an example of a selectable inarker that oonects a 50 growth '''^^f^?^.^^ ^ '^'^ 
f^nLtedrf^to a mutant ceU, such that the oeU attains a galactose is subsUluted for glucose. 
Sf^.SSyi^'S^orsudi a selectable marker Succinate dehydrogenase is part of comply n of the 
SJirTtto"SJ«tt^ is available, such that a Biitochondxial electron transport dim. Im^^ 
SfcTconSng a MA^ be identified by expies- of the tricarboxyUc add <yde to «»daUYe Phosph(^lation^ 
STS toe STa diseased cell such as a muscle odl 55 Hus complex ««sists of«««.P<*^%f X" iron 
SSe^i^aZSt dystrophin gene in a muscular dystco- kiloDalton (kDa) flavoprotcin (FP), a 27 kDa u^a- 
ZSt is^i?25e^of a mutant cdL Hms, a containing P^^^^^.^^t^S'^^'f^' 
SSnKTstioDhinKenc^ranbeasdectablei^^ andior proteins (Cn-3 and Cn-4; 15 and 7-9 kDa. 

MAP into tiie mutant ninsde cdL lespccdvdy). Each subunit is encoded by a nudear gene 

Sl^ SKdngartifidald«tronacccptors,studicswith yeast 

sdecbdjte maikw such as flic Heq>es simplex virus fliyim- SDH actmty. 
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In order to identify the genetic defect in flie CCL16-B9 relative to tlie centromere (Carine et al., supra, 1989; Waye 
hamster cells, somatic cell fusions wae made between the et al.. Genomics 1:43-51 (1987); Wllard, supra, 1987). 
mutant hamster cells and human cells and two indq)endent Indirect studies suggested that the mutant hamster cells 

primary (human x hamster) hybrids, XJM12.1.2 and had a defect in the gene for the IP subunit of SDH 
XIM12.13, that grew in galactose-containing medium were 5 (Soderberg et al., supra. 1977). However, isolation and 
obtained (Mascarcllo et aL, supra. 1980). Secondary hybrids m;^ing of the gcn<Mnic DNA. including ttie promoter, of 
then were selected by fusing heavily iiradiated XIM12.13 the IP gene revealed that the IP gene was located at the distal 
cells with the original mutant Chinese hamster CCL16-B9 end of the short arm of chromosome 1 (lp36.1-2) and was 
cells and again selecting for cells that grew in galactose- not present on the minichromosomes (Leckschat et aL. 
containing medium (respiration competent hybrids; see Car- lo Somat. Cell MoL Genet. 19:505-511 (1993), which is incwr- 
ine et aL, supra, 1986). porated herein by ref»ence). Furthermore, an IP cDNA did 

Examination of tiie primary and secondary hybrid cell not complement the respiration deficient condition when 
lines revealed the presence of a single human minichromo- tiansfected into the nmtant CCL16-B9 hamster cells. Thus, 
some consisting of a centromeric ftagment of human dnro- despite substantial characterization of the 
mosome 1 (Carine et aL, supra, 1986; Carine et al., supra, ^ minichromosonies, a gene that complemented the SDH 
1989). Hybrid cells retaining an apparently intact human defidency in the mutant hamster cells was not identified, 
chromosome 1 also were examined. Spontaneous loss of the a bovine Cn-3 cDNA (see Au et al.. Gene 149:261-265 
intact chromosome 1 resulted in loss of SDH activity and (1994). whidi is incorporated herein by refo-cnce) comple- 
reversion to the respuration deficient condition; spontaneous ments the SDH deficient phenotype in the mutant CCL16- 
segregation of the human minichromosome 1 has not been 20 39 jjj addition, a hamster 01-3 cDNA was isolated, 
observed over many years in culture. the DNA sequence was determined and flic encoded amino 

The minichromosomes first were observed in metajAase acid sequence was deduced. At the amino acid level there is 
spreads in Ae light amxoscopc after in sUu hybridization about 82% identity between tiie wild type hamster and 
wifli human Alu sequences. The minidiromosoine present in bovine 01-3 protons. In comparison, the 01-3 cDNA 
XEWS.23 also was examined by cdecbon microscopy and ^ isolated firom mutant CCL16-B9 cdls ccmtains a single base 
was similar in length to the Jdnetodiaces. Based on the mutation in the coduig sequence for the CH-3 protein that 
assumption fliat Alu sequences are uniformly distributed in produces a prcanature STOP codon and results in the trun- 
the human genome, except in centromraes* telom»cs and a cation of 33 amino acids from the C-tenninus and the Spjl 
few other regions containing tandem repeats, the miniduro- deficient phenotype in CCL16-B9 cells (see Exan^le I), 
mosome in 8,23 was estimated to contain about 1-2 ibiUion ^ Fmthermcrc. the gene encoding the human Cn-3 subunit of 
basepairsofhumanDNA,whkAisaboat6i5i^fe<«^^ ■ comple^xH of the mitochondrial electron transport chain was 

contained in a normal haloid humm gcDidjiijiCi^ i^^ .-^ mapped on human chromosome 1 and on the 
aL, straa, 1986; Carine et aL, supta, 198S^ sib;>isd;tJS<jns minichromosome, indicating that the human Cn-3 gene is 
et aL supra, 1988) present within about 1-2 milUon base pairs of ttie cen- 

Ali of the mmiduomosomes examined 'contained a small trov^^. pese results indicated that MAC-8.23, whiA is 
fraction of the pericentric chromatin from the long arm of Pr^«°t the (human x hamsto)swon^ hybrid 
human diromolome 1, as characterized by a satdUte IE XEWa23. celk, contains a noimal«)py of ttehi«^^ 
DNA sequence present exclusively at lql2. The minicfaro- g^nc that complements the mutation in the OCL16-B9 
mosomes also contained a-satellite DNA sequences, which ^ hamster cells. 

are characteristic of human centromeres. Members of one As disdosed herein, a human OI-3 cDNA (SEQ ID NO: 
sudi famHy wae cloned from a genomic Mbrary i«^)arcd 1) has been doned and expression of the human 01-3 cDNA 
framthehybridXJM12.13 andfoundto consist of a 340 bp also complcmMits tbs mutation in flic SDH-dcfident B9 
Eco RI repeat contauiing two d^enetate 170 bp monomBrs hamster cdls. Fufliaaiiare, Imman gnomic Cn-3 DNA 
characteristic of alphoid DNA. In addition, an<^ier diro- „ sequences were isolated (see EOG. 2; SEQ ID NOS: 3-7) and 
mosome 1-spedfic a-sateffite sequence, a 1.9 Mb ffind IE the human 01-3 gene was localized t»MAC8.23, widdi is 
repeat, was present on the minidiromosomes (Carine ct ai, derived from human cfaroDOScmie 1. The identific^n of 
supra 1989) this locus in MAC-8i3 provides a unique dffldng site for 

A double labeling in situ hybridization experiment was ""crUng »•» ^Og^no"* '^^ sequence into 

performed ushig a-satellite and satellite m probes and » MAC8.23. 

visualized by electron microscqjy. The results ccmfinned Since MAC-8.23 contains a functional human 01-3 
&at the XEW8.23 miniditomosomfi contains a-satellite gBBS, a re^inrti<m-d<^ent hamster cdl containing MAC- 
sequences; satellite m DNA sequences were barely detect- 8.Z3 was idoitifled by selecting ceUs that e»w in galactose^ 
able. These results indicate that breakpcnnts occurred on containing medtuto. Thus, the Cn-3 gene j^ovides a sdect- 
dflier side of the centromere, retaining a smaU fraction cf 55 ^le maricex usdul for identifymg a CCL16-B9 hamster ceU 
the pericentric hetaochromatin on one side and about 1-2 containing MAC-8,23. Significantly, identification ot the 
miUion base pars of the short arm of ciiromosome 1. CO-S gene on MAC-8.23 provides a unique locus usefid fw 

An anonymous single c(w sequence was donedfromthe ^pecffic ins«^on of an otog^ous nucleic acid 

mInfcCnSSne p^nt^t^iaMi2.13 primary hybrid «qa«>ce. thus making MAC-8.23 useful as a vector, 
cdl line. The smgle copy sequence also was present on the tio AMAC of the invention is usdid as a vectra: for ddiv- 
miniditomosome present in the XJM12.2.2 pdmaiy hytaid cring an exogenous nudeic add sequence into a cell and 
ceU line, as wdl as on die intact human ttoomosonw 1. In provides agnificant advant^cs over previously known veo- 
conmariscm. the miniditomosome present in flie XEWSJ23 tors. For example, a MAC can contain an tscogenous nuddc 
secondary hybrid ceU line, vtddi was derived from add sequ<mce having sevoal thousand base pairs (Hjp) up 
XIM12.13, does not contain flie anonymous scqt«aice 65 to sevend million base pairs. Thus, a MAC can contain an 
(Solus et aL, stipra. 1988), indicating that the anoi^mous cBtiue gene sudi as the 2300 kbpdystroiaiin gene, which is 
sequence was located distel to ttie sdectaWe 01-3 gene mutated in muscular ^rettophy patients. In addition, a MAC 
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. .J -1 hh,;n,«.ii Thii<! flMAr The FLP site specific recombinase has been characterized 

L expressed from ^^^^ ^^"-^^J.'^^g^^^ ^r f^f.^yll'^Ap r^^^^ siteha^ 
encoded gene product F"^e"^«'^;^**^^J^JXf identified (Jayaram. Pfw. Warf. Acad. ScL, USA 
along with the noinialcompement of duromos<«^^ 5 g°87™^(iS);Senecoffetal.,P«,c. NatLAcad.ScK 

and.therefore.ispassedtoanof thedaughtercelkfoUowmg f^/llf^^'^^^^^^^ each of which is incorporated 
anntoticormeiodcdivisioH.Also aMACdoesnot ^^^j^^^y^iteS^^ 

into the genomic DNA in a f^.^^^^^^l^ ^^^^ Sateen Lmonstried in mamin cells (0'G«man et 
autonomous entity. Accordingly "^^^^^^^^^^ ^^^„ ^ ^ supra, 1991). In one experiment, a P-galactosidase 

enous nucleic acid motecule contained m aMAC into a c«U ,o f^ ^f "^^^ ^ ^^nce was disiupted by inserting a nucleic 
obviates any concern that the oogenous nudac acid mo^- <P-f ^ \^ by two FKT sites; the insertion 
ecule may integrate into and disrupt the funcnon of a normal J^^^^^^^^^^^^, J ge„e product Cotransf ec- 
gene in the ccU. ^ . various mammalian cdl lines of the disrupted ^gal 

The identification of the unique Cn-3 gene sequence on pLP expression vector resulted in ^ecise 

MAC-8.23 provides a target site, into which an oogenous is » ^ ^ ^ the recombinase. leaving behind 

nucleicaddsequence ambeinserted. AMACco^^^^ site, which preserved the reading frame and 

exogenous nucleic acid sequence can be transferred into a „ ^ ^ ^ experiment, a smgle 

niammaliao cdl such as a mammalian stem ceU, where the J^^^^^J,J,^/toaehroIrlosome,^ben^hecelk 
exogenous nndcic add sequence can be expressed, if ^^^cted with a vector containing a second FRT site and 
desired. Methods for introdudng an exogenous nucleic add M ^ ^ expression vectot The vector containing the FRT 
sequence into a defined nudeic add sequewesiu* as one or integrated spedficaUy at the chromosome site 

more of the sequences shown as SEQ ID NOS: 3-7 are ^^^^^ 

disclosed herein or otherwise known m the art Forexampic, e, DNArecombination in maimnalian cells also 

an exogenous nucleic add sequence can be targeted mto the J-^^J^'S^^e Cre recombinase of bacte- 
CE-3 gene using homologous recombinauon methods as 25 |f^!7Z loxP tanset site, whidi consists of 34 

have ^n used to produce gene knock^ts in embryonic g^^^^an et al., Pmc. 

stem ceUs in mice (^ee far exan^le. Gos^<=n ^3g. ^^^^^^^4 89:686^^<1992); Fukushige and 
M Gen^t. 9:27-31 (1993); Etohman and M^n^ g« ^^^^ Acad. USA 89:7905-7909 (1992); 

56:145-147 (1989); Capecfchi. f ^;„244 \28|-1292 ^ 89:6232-^236 
(1989);W^«tphalandGtuss./»^.«*v^^^ 30 is incorporated herdn by reference)^ 

(1989); Zijlstra et al-.^yoft^re 342;435^38^^^^^^ FoVeMmple, transgenic mice having a loxP-<p-gal)-loxP 

whidi is incorporated herem by reference). In parti<^to ^ ^^^p^^ition^ at a unique site have been produced 
human CHJ &=^mm^'^:^^ SSS ^T s^S 1^). When mated with tLsgenic 
NOS: 3. 5, 6 or 7 cSB be wsfeful m a; targetmg vectw for ^^^TT^'^^ uider control of the Ickpromoter, 
homologous recombiiiition because these sequences do not as ^^^.^^^^^ ajnocytes, doubly transgSdc mice 
contain coding sequences or regutatory sequences ^ ^tJ^X Gc LonK. niulting in Crc-mediated 
therefore,areexpect«dtooccarasumque^quen«^^^ ^S^to^n^d^STS tbe^Sl g^e in a a=U 

that does not otherwise contam a hmnan duomosomc 1. A '™rZnn„ loxP-Oe system also was used to 
dominant selectable marker confeniiig. for example, neo- ^« f in T cdls and to 

myda«sistance«puronQr<^^cea^canbemfro- 40 J^2«^,PJ^S'i,^^l^s(Guetal., Science 
dJced into MAC-8.23, thus fadlitatmg selection and iden- f^^^\f^y^ et al.!^« 73:1155-1164 (1993), 
tification of vittuaHy any manmudian -^^^f^^^^ h«ein by reference). In 

MAC (see, for example, Ayares et aL Proc. NatLAcad. Sc^. «^ ot vm^ rerortbinasc was introduced directly 
l/SA83:5199-5203(1986).wMd.isincorponitedheremby J^^^^^;J^^^uT^fection and catalyzed site 
lefcaeace). specific integration of a loxPtargetingOBaubonis and Sauer, 

A diaracteristic of a MAC that mak<^ it parUcuto^ NuTAcidsRes. 21:2025-2029 (1993), whidi is incorpo- 
oseM a vector is that an exogenous nudeic acid sequent » ^ 

eanbelnsatedintoaunlquedoningsUepresentmaiel^C «^ addition to its utility as a vector, a MAC sudi as 
In a site spedfic imumec A f^^l^^^^ « mJcSS^ be^SSdentify the essential elements of 
introdudnganexogcnousnudeicaadsequenceintoaMAC so duomosome, induding the nudeic add 

in a site spedfic manner utihz«s a recombinase «ndreoMft- ^ ^^^er activity as a centromere, a 

binaserecognitionsite,whereintherecombmaser^^n JS«Tor^Sn of DNArepUcation. Furthermore, large 
siteprovidesauniqueclomBgsite.Forexainple,«te^p^ SSSc DNAfo^nts don^ into a MAC Fovide a 
integrationusingtheGerecoinbinaseandlorfrecoi^^ fSS^^fw idcSg and diaractetimg nucleic add 
recognition site ftom phage PI (see Sauer. MeOL EnzymoL 55 ^^"^^S^eoordinate reguS of gene com- 
225:890-900 (1993),. ^rT^^'S^ ^ S^cTTS SS^bulin^nc locus. Mso, the 

reference) ^Jj^^y^^^Jl'^^J^^^ S^go^rMACtosegregatTinacompletdystablemamier 
al., Sdatce 251:1351-1355 (1991), whidi is ^"'^^ mitosis provi^s a system for defining the media- 

berein by ref«ence) provides a ^^''r^^'^^^^ ^ involved in this process, 

means for introdudng an exogenous nudeic aad sequeace 60 cxamolc. contain a human diromosome 

into a MAC sudi as MAC-8.23 (see Example m and FIG. viO^b^ 
l).Useofasitespedficrecombinasesystemforintioducing 

a^uddc add into a MAC provides ^advwfta^ SJ^SSSuy t^elSeZtaT^ of the 
integration of^«og«K,,«seq«^^ Z^M^^fSdLiqKS their ceatro^ 
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restriction mapping and high stringency hybridizations (see. As disclosed herein, a MAC can be prq)ared, te exan^le, 
for example, Waye and WiUard, Nucl. Acids Res. by telomere associated diromosome tmncation ot by ura- 
15:7549-7569 (1987); Willard et al.. Trends Genet. dialing a ceU at a dose that causes fragmentation of the 
3:192-198 (1990)). Since the human centromere alphoid chromosomes in the cell and selecting therefrom a MAC 
sequences do not ctoss-hybridize wifli Chinese hamster 5 based on the presence <rf an endogenous selectable marker 
DNA sequences, the centromere sequences of hamster and located near the centromere (pericentric). Sudi pericentric 
human chromosomes are substantially different. endogenous selectable mariceis include, for example, the 
Nevertheless, human chromosomes. Including MAC-8.2.3, CH-S gene ot anothear gene that can be identilied, for 
are stably maintained in (human x hamster) hybrid cell Unes. example, by searching in *e Human Genome Database 
The use of MAC-8.2.3 provides a unique system for iden- (GDB; v.6.0) accessible via the Internet at http:// 
tifying the medianisms involved in maintaining chromo- gdbwww.gdb.org/, which is incorporated herein by refer- 
some stability in a cell. ence. 

An essential feamre of centromoic DNA sequences is the Since pericentric endogenous selective markers are 

ability to become associated with special proteins to form a ecpected to be rare m mammalian chromosome, a selectable 

unique lype of chromatin to which the proteins of flie 15 marker generaUy will be randomly or site speciflcaUy 

kinetochoie become attached. Only a few such protdns have insoted into the pcri^ccntric region of a chromosome. For 

been identified. Kinetodiores likely consist of a s«aies of «wn?)le, a selectable marker conferring neomycin resis- 

repeated structural motifs because more flian 10 niicrotu- tance can be inserted site specifically by homologous recom- 

bules attach to each side of a metafrfiase chromosome. A bination mto a gene that is located m a pericentric region of 

MAC such as MAC-8.23 is usefial for identifying the jo a chromosome. A pericentric gene can be identified in ttie 

proteins involved in kinetodioie fonnation and spindle fiber GDB database (see above). For example, &e neogene can be 

attachment An understanding of the factws involved in targeted into the gene encoding the high molecular weight 

qpindle fiber attachment to a centromere can pmvide insight neurofilament peptide. NF-H. which is a pericentric gene 

into the mechanism responsible f«- appropriate diromosome located on chromosome 1 at lpl2 (liebeiburg et aL. Proc. 

segregation during mitosis. Such an understanding can lead ^ NatL Acad. Sci, VSA 86:2463-2467 (1989), which is inc«- 

to the development of methods for preventing, for exan^de, porated herein by rrference), into the gene encoding an Fc 

improper segregation, which can result in trisomy or in loss Oanuna receptor, which has been mapped to lpl2 

of a chromosome in a daughter c«dL (Mascarena ^ aL, Qftogenet. Cell Genet. 73:157-163 

Hie present invention also provides methods for prcpar- (1996), which is incorporated h«ein by reference), or into 

a MAC, comprising fragmenting a parental chromosome 30 any other pericentnc gene. FoUowmg mtcgration of Ae 

- - ... select^lemarkcTj the <iux)mosoMes can be fragmented, for 



and selecting a centromeric fragment of the diromosome - 

contaimng less than about 0.1% of the DNA present in a exan^le, by-telonj?re associated truncation, and a MAC can 

BotmaLhaploid mammalian genome containing the parental be obtained'by somitieceU fusion, followed by selection of 

diromosoiiie.TheMACisselectBdbasedona»epresenoeof neomycin resistant hybrid cells and idenMcaUon of a 

a selectable mariser on the ccntrommc fragment, which 35 selected hybrid ceU contauung a MAC, as defined herdn. 

further provides a unique cloning site that can be used as a A selectable marker also can be tatgeted to an endogenous 

site to insert an exogenous nuddc add sequence or that can pericentiic nucleic add sequence other than a pericenliic 

be fitrther modified, for example, to contain a recomlrinase gene. For etanmle. a seleclaWc marker can be targeted usmg 

reoognifion site, homok^us ieo(»nbination to a unique pericentric nudeic 

As used herem, the teim "parental ctoomosome" means 40 sequence or to a sateUite DNA sequence, whi<±i gen- 

fhe nonnal cdlular chromosome from which the MAC was waUy is present in the region <tf the centron^ (see Canne 

derived. For example, MAC-8.23 was daived from and et aL, supra, 1989). FoUowing integration of the selectable 

contains the centromwc of human diromosome 1, whidi, martar into tiic chromosane, a MAC is obtained, for 

fliereforc, was the parental chromosome of MAC-<.2J (see example, by fragmentiiig the cteomosomcs containhig the 

Example D.AMACis prepared by obtainingacentromeric 45 sdect*lemariar. fusing the cells contamm^^ 

fraSent of a diromos^ containing a sdectaWe market: diromosomeswrtfa a second cdl hue, vAidi om^ 

IfSed, the MAC can be gen3y engineered to pro- cell ^ as die liist cdl line and selecting hybrid ceUs fiiat 

vide one or more desirable characteristics. In particular, a contain a cenlromfinc fragment of a diromosoiiM contauiing 

MAC can be genetically cnpneered to contain, in addition the selectaMc maikBr, wiiereln ^ oenlranfinc fragmc^has 

to the selectable marker, an exogenous nudeic add 50 the diaracteristics of a MAC Thus, based on the m<Ao^ 

sequence sudi as a gene or a cDNA, whidi can encode a disdosed herdn, the sldUed artisan can pr^e a MAC 

second sdectaMemarJcBT, an entire geneticloaB,induding having diaradensUcs similar to MAC-8.23 « a MAC 

regulatory dements sudi as enhancers, wUdi can be several having other charactcnstics as desired. 

Idlobases iroslream or downstream of a gene; ot a randomly The invention also iHTOvides methods of stably expresstog 

produced fragment of genomic DNA. 55 a selectable markEi in a ceU,compriang introducing a MAC 

Yeast artificial diromosomes (YACs) have been devd- containing the selectable marker into the odLFaoimiplc. 

oped by assembling essential elements of yeast DNA, the human 01-3 gene product is a j^ortable maikex that is 

i^di»li4 cenfromeres, telomeres and iqiUcation origins stably expressed in mutant hamster CaLl^B9 cdls whidi 

(Builce et al., ScUnce 236:806-812 (1987); Schlessingcr, do not eixpress a fimctional hamster ClI-3 gene jaoduct 

lyends Genet. 6:248-258 (1990)). However, It is not pos- 60 As used hwdn, the term "stably eiqKesscd" when used in 

dWe to apply the mdfaods used in constructing a YAC K&rencc to a sdectable marker means fliat the nuddc add 

similarly to construct a MAC because flie cssraitlal denraits mdccole encoding the maricer is maintained and expressed 

sudi as mammalian OTigins of DNA repUcation and mamr in a odiline. In particular, a sdectable marker is stably 

maUan centromeres are not wdicbaractctizcd (see Huxley es^resscd frraa generation to generation in a cdl type that 

ct aL, BioTedmology 12586-590 (1994); ftown. Cum 65 traverses the cdl cyde and, ultimate^, divides. The ability 

Opin. Genet. DeveL 2:479-486 (1992); Lewin, /. AHW Res. to stahty cj^wess a sdectaWe maOsa in a cdl is due to the 

752-46(1995)) abiliQr of a MAC to be indicated during the cefflcycfe and 
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J • 11 J- Tt ic Tf dfsired a telomere sequence can be linked to a nucleic 

to segregate with a daughter ceU dumg ceU <iiv'5ion It is K d^^ed^ ^^^^^^^ Po, example, 

recognized, however, that some ceUs such ^ nrusde ceU ^^^^^ is accompUshed by 

generally do not divide. Nevertheless, a sdectab e marker is "T^^.!^^.^^^^^^ a feting vector comprising 

Insideid to be stably expressed in a ^<'^-'^y'<^l.f^J. ^^^ZZ—^X^ iJSices homologouTto the 

reSd in^. by iheparticular gene regulatory elements „etic methods. The inclusion of a selectable markarwilb &e 

Ed to thrmarker. For example, a selectable marker telomere sequence in a taigetiiig vector can be parbcutaly 

containing a promoter that is active only during a particular useful where the targeted gene sudi as Ae Cn-3 gene, wbicti 

stage of the ceU cycle or fliat is induced only when activated otherwise is a selectable marker, is lost due to the truncation 

bya particular regulatory factor, nevertheless is considered ^^^^^ ^^ere the targeted pericentric sequence does not 

stebly exttessed if the seleaaWe marker is expressed at fiie provide a means of selection or provides an inconvement 

fflmroraiate time. Thus, a "stably exp^essed" marker is stably selection. 

expressed with rrfcrcnce to the particular regulatory ele- ^ disclosed herein, telomere associated truncation of a 

ments linked to the marker. ^ nunichromosome sudi as a nunichrotnosome maintained in 

As disclosed herein, a MAC was obtained foUowing 20 ^ ^^^^ XJM12.I.2 and XIM12.13 cells (MascareUo et 

irradiation of cells. A MAC also can be ol^ed using ^ y ^ggojorof aMACsudiasMAC8.23 canprovide 

telomae associated chromosome truncation, v^cb is basea jJ^^^j advantages over me&ods of chromosome trun- 

on the knowledge (hat a tdomore ^^^^"f.^^^. ^ion previously described. For example. F^vious tnmca- 

chromosome (Farr et aL EMBO iJ^^^^^^^^^Q ^ ton nS^ods have started with normal, full size chromo- 

HeUer et al.. Proc. NatL Acad.Sc , S^^-IS^lS? soLs and have required several rounds of truncation and 

(1996); Brown ^ ^f. ^X^'^SiS So?S.«d« to obtain a minichromosome approaching 

catBdchroiiK>SQme,whi*contaiiir^'fi&«i»^ ■■ ^ff^'^TTrS^ 

^ '^^'^ZSci.orao^m. by chSng *e locus. 
centiomericinsaUOB site are p?o<tooed.aran^o^fe^^ 35 ^^JJg^^^^^^tyrf the target site. FurthenDore,ev 
mentslackingcentromer^ultimatelyarelostfi^^^ ST^SSt suT itself, remains unaffected by a 

whereas the truncated chromosome can be stably ^J"« onexoected level of expression of an 

xnaintained,geaeraUyundersclectivepress.«einahostc^ SS^cMc ST^uJnce canlSult due, for 
insertion of a telomere sequence into a cteonK«ome c«b ^^to toe toss of a regulatory sequence normaUy 
be targeted to a specific locus or can be random (see 40 with the target site « to the gain of a legulatoiy 

Examples m and IV). Specific targeUag can be ^^^^^ Je Sangement. 
acco4li*h«».^ example, by homotog^s^i^^^ 'TSr^n tolling telomere associated ctoo- 
^ a_known ^r:^'^^-^f-^^J^J^'^^^i,^:^ mJorSion full size chromosomes, a 



SS<itTtheLomoso.^.^^^<^™ -;S^^^:r^^-.^z-'^7^^:^ 

seauences can be acconq)lished using. f« example, a vcciot 45 swjiy iiwiuumxv- XIM12.IJ cells 

Saining a telomere sequence, LKluding a linear vector ^J<2u«^ t^f f^^^^^ 

containing the telomere sequence at one end. SSon tJLatediimchromos^^ 

Tteloinere associated chromosome (runcabon can be p^- ???J^-J^bitoS^ate a smgle round of truncation and 
ticularly useful for producing a MAC ^^^tP^^^^ ^ ^SJSSiV^iS^umlesirablereaxrange- 
gcnes or other unique pericentric nucleic acid sequences are 50 ^^°"^„|rted^chromosomc will occur. 
Irgeted, For --^'^i^^^a^S^S S^^.^singleroundoftelomereassociatedtruncation 

canSSonaMACsuchasMAC8.23inordertoobtaia 
as ttie ai-3 gene (sec Example IV). Where s"ct» tfS«^ TZ^Zner ufAC whidi can fadUtate manipulation and 
results in retention of flie 01-3 gene in the trunatfed L,^*^*J^^J^7^^ IvT^caUy, a 
diromosome, a host <^ ^'^^V^'^^Z, SSSelq^ttJS^ bTiSEd inti iene 

^"^x^b^^z^tszx rt^gS^^uSrf^iSo^go™^ 

EMmptel).ttshouMbeKO0gmze^^ ^^Sdy.a^omcre sequence can be introduced pwri- 

telomere assodatcd ctaomosome ^'^°'^J^'^^- ^ ^TSd^\c CT^3 gene with respect to the 
formed on a normaL full size <^^^ '^^^ Sr^uTSpSi «?k«i v^cthcr it is des^to main- 
cation only of the di^ r^on of ^^^^^^^ ^ SiSSI ^oinibf^ truncated MAC As an 
tatgetsite;fliermaimiig<tom«^ SJSTZSaStaSeting of a telomere sequence to the 
affected. Thus, where site spedfictaigctmg of tei<«Baes IS rT^j^^iLi^^ 

„sed,atelomcre™stbe«^troducedintoa^^ 65 ^^^J^te^^^^S^veposi- 

^arj^cf^asele^edd-omosome^ioito ^'^J^^^^CU3. 
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A MAC can be transferred from a host cell into a second containing an exogenous nucleic sequence can be introduced 

cell. For convenience, a host cell containing a MAC to be into a manunalian cell for the purpose of expressing and 

tcansfetred is referred to horein as a "donco" cdl. whereas collecting a mammalian gene product encoded by the 

Ihe cell into whidi the MAC is transfened is refened to as nucleic acid. Mammalian cells containing a MAC can be 
a "recipient" cdL Various methods are known for transfer- 

5 grown in large quantities in vitro in a bioceactor under 

ring a MAC, which is a centromcric fragment of a conditions that allow ej^resaon of an exogenous nucleic 

diromosome. into a recipient cell. For example, a MAC can 3<.id sequence contained in the MAC. 

be transfeired from a donor osU to a recipient ceU by somatic ^ niammalian gene product in 

«U fusion (see for example Canne et d., supr^^ 1986). ^eU provides significant aSvantkges over 

HybndceUscontammgAeMACcanbeidentaAe^asM^^^ ,o n^ethods f« express^ the genel-roduct in other ^11 types 

repression of the selectable marker present m &e MAC ^ insect cells « bact^al^Us because appKipTte 

Although one or more donor cell chromosomes dso will be modifications such as glycosylation or 

transfened mto .he hybnd cells, such donor ceU cteomo- 13^5^,, the expressed gene ^oduct can occur in 

somesgeneraUyarelostdurmgpassageoflhec^ P nLm^an host celL In addMon. use of a MAC to 

fterc IS no selective pressure for mintaming the donor ceU exogenous nucleic add sequence into a mam- 

duomosomes m fee hylmd ceU Examnation dones of « ^ advances over the use of 

hybnd<^scanbeusedtor«tent^hybndscontammgonly ^„ ^eC^p^ tte MACi7stably expressed in 

the MAC from the donor cells. the mammalian cdls and, therefore, is passed from gencra- 

Ahost donor ceU also can be treated withamitotic spmdlc ^ generation in dividing cells. In addition, a MAC is 

inhibitor such as colchicine, which results in Ae formation ^ ^^^^^^ ^ ^ autonomous entity in a ceU and. therefore, 

of miaonuclei^en with cytodudasin B, which results m ^ j>NA. where it can 

Ae emision rfmuxoodb, which contain one or a f^ ^ ^ regulation or expression of endogenous gene 

chromosomes, mduding the MAC, imd whidi canbe fased ^hus, the present invention provides a method of 

to recipient cells (see. for example, Ege and Ringertz, Expt Lodudng an exogenous mammalian gene product in a cell 

^'Vf'-r^^'!^7f!^^^V.'^^''lVf^-^^ Ruddle /'mc. ^ £y i„;^cingaMACcontaininganexogenousnudeicacid 

NatL Acad. ScL, USA 74:31<^323 (1977), cadi of which is ^ mammaliai gene product mto a mam- 

incQiporated hetein by reference. Fusion of recipient cells ^jj ^ expressing the gene product Sudi a method 

with microcells grcady reduces fte transfer of donor ceU ^^^^ ^ ^^^^ production of large amounts of essentially 

. chromosomes to recipient cells. In addition, minichronio- ^ . mammalian protein, provided the nudeic add sequence 

somes can be isolated by fluorescence activated cell sorting 30 ^ ^^^^ 

;>.:(FACS; see Ferguson-Smith, m Molecular Biology and ...fUi . . ^.r j - A • ' . 

c r :;, Biotechnology; A compr^iensive desk reference (J. Mey- AMAC also is useful forproducmg atn.nsgem,c m^mmd 

,X ^Ts-vrMPubl NY- legs'* oaees 354-359' f&umlauf et lO. ^ ^ or sheepx^p(cc^si.ngi«.g^.ne of 

' ^ . T^^il^^^^aTjtiis^^^ interest(seeExampleV);AMACispartic^y«scM^^ 

rtd^ ES£l7Tl6«^^ « this puipose because the MAC is siaWy and autonomously 

b£;;5^«^^e^"SiS;^S^^ maintainedinaUoftheceUsc^^ 

smaller than the smaU<^t intact diromosome. isolation of « « ^ «>at the exogenous nudeic aad sequence 

MACS usingFACS provides a means to obtain substantiaUy be ««p«ssed m every ceU contaming the MAC because 

purified MACS, wUd. can be introduced into a xedpient f ^^'^'^^Jlf^^^^'^ZlSt^^^^re"™ 

*™ K„ dent on the particular diaractenstics of the promoter that 

^ T^^r™ .v«-ic.,«.fi,.f™..i.hiv directs its exWion-nius, the introduction of the MAC 
AMAC containmg a selecteble marker is useM for stebly emhyonic stem ceU or into an ovum provides a 

expressing the selectable mark^ in a cdL A MAC contain- ^ ^^^^^ ^Ht^hl^, 

7i^'Z^:^^tZT^'^'S^t diar^c^orexampfe^M^^ 
w uiia«9i^ «-au «o uuiaimw auw o vusv^oo,^ v^ii, «tuv>v>u niarlc» cau be midomjected into an ovum, which can 

fertilized at the time of microinjectioa or can be unfertilized, 
then fertilized following nolcroinjection. The MAC- 
containing ^gote theo is im|tlattted into a jaegaaat or 
pseudopF^nant female and the newborn m a mm a ls are 
examined for expression of the selectable market. Tbus- 
genic inammaig expressing tibe selectable madcer are tbadby 
produced. 



egcpcession of liiB gene product con^lements the genetic 4 
defect and results in Ifae cdl attaining a normal phenotype. 
In general, a diseased cell is obtained from a patient, die 
MAC is transfened from a host cdl into fte recipient 
diseased cell in vitro, then the redixent ceU ctmtaining the 
MACisreintroducedbackiBtodiepalient.Tbas,aMACcan j 
lie useful as a vector foe gene therapy. 

other mammalian ceU vectors cannot contain sudi a large P^"®"* invention. 

gene. However, a MAC is useful for introducing any gene 55 EXAMPLE I 

cDNA into a celL Furtiiomore, the use of a MAC for gene 

therqiy provides the advantage that flie gene product of ptoparation and Characterization of a Mammalian 

interest is jKoduccd in a unit dosage, since genetaUy only a Artificial C3iromDSMne 
single MAC will be present in tiie redpient cdL In addition, 

a MAC is stably and autonomously maintained in each « This wcample provides methods for i^qraring and char- 

dau^tercellfollowing division of fheparentai cdL Thus,a acteriang MAC-8.23, whidi is contained in XEWS.23 

MAC can be particularly usefiil for introducing an eatog- oeBs dei>osited on Oct. 31, 1995, as ATCC Accession No. 

eoousnuddc add molecule into a stem cdl sucb as a bone ArCCaRL11992i 

marrow stem <»1I because all tiifi cells iroiMigatedfixHiiaie The vadcus cdl lines used in this study and tite hybrids 

stem cdl win ^ly eiipress die exograous nuddc add. es daivedfiKHU the fiisiwcfdie Chinese hamster mutant cdls 

ItisfiirflierieoagnizeddiataMACispaiticHladynsdM with human oeUs bave been described previously 

toejqxessing a mammalian gene product in vitra AMAC (Mascardio, siqica, 1980; Caiine. supra, 1986. 1989). 
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Brieflv CLLl^BlisaGhinesehamstexlungfihroblastfrom As expected, aU of the hybnd 

SS'tSsDH^ efcieTmutant ceU line CLL16-B9 was characteristic of hamster genomic DNA. These results mj- 
TeSed (Dto et S^m.. Cell Genet. 2-331-344 (1976). cate that the geoe for *e CT-3 subunxt xs found on fte 
wSt iBUonUedhereinbyrefercnceiSodcrbcrgctaL, hiunan minichrooiosomc, mdudiDg the mmtchromosome 
supra. 1977). The hybrid ceU Unes XJM5.1.1(+) and 5 present in XEW8.i3 cells. 

XJM12.13 were derived from the fusion of the CCL16-B9 jjj confirm fliat the genetic defect in the mutant 

ceUs with human lymphocytes or HT1080 fibrosarcoma hamster cells is due to an aberrant Cn-3 gene <x gene 
cells (Croce, Proc. Natl Acad. ScL USA 733248-3252 j^^duct, the ability of the bovine 01-3 cDNA to con^le- 
(1976), which is incorporated herein by reference) and by ^^^^ deficient condition of CCL16-B9 cells was 

selection of respiration-competent ceUs. The hytrid ceU line examined. The con^slete bovine cDNA was excised from its 
XJM5.1.1(-) was a respiration-deficient segregant which pUQlS vector as an Eco RI fragment and cloned into the 
had lost human diromosome 1. XJM 12.1.3 was one of two ^,n,n,aiian cjqw^ession vector pcDNAJ (Invilrogen; San 
independent hytmds with a human minidiromosome. The Calif.) for the complementation analysis. Cells were 

secondary hybrids XEWS.23 and XEW9.10.4 woe isolated 50% confluency andtcansfccted with thcpcDNA3- 

after fusing irradiated XJM12.13 hybrids witti CCL16-B9 ^5 construct. As one control, pcDNA3 containing an 
ceUs and selecting for SDH-positivc hybrids (Carine et al., unrelated cDNA insert was used and in a second control, no 
supra. 1986). vector was added to the transfection mixture. 

AU cells were grown in Dulbecco's modified^^e's Transfection was performed using the "LIPO- 
medium (DMEM) containing 5 mM glucose and 10% fetal pECTAMINB" reagent (GIBCO BRL; Grand Mand, 
calf serum. The same medium with glucose substituted by 20 y conditions for optimal transfection efBdency of the 
galactose (DME-GAL) was used to select for or mamtam (^i^B9 cells were established using the eukaiyotic assay 
reqiiration-cwnpctent cells ot hyteids (Ditta et aL, supa, pCHllO containing the p-gai gene (Pharmadai 

1976; Schefflex et aL, in Biomedical and CUmcal Aspects of pj^^^ ^ j ). Selective mcdimn, eifljer DMEM contain- 
Coemyme O. pages 245-253 (Folders and Yamamura^^.; Q^jg j^lccts for expression of ftc neo 

Elseviet/NOTlb Holland Biomed. Press, Amsterdam; 1981), 25 ^ DMEM-galactose, whidi selects for respiration 

which is inc«porated herein by reference). comp^ent cells, was added 2 days or 4 days after transfec- 

The partial cDNA encoding the bovine heart Cn-3 subunit tionT^ler 8 days some, plates selected wi* 04 18 were 
of OHnplex n (Yu et aL, /. Biol. Chem. 267:24508-24515 g^i^cd to DMEM-galactose. Stable transfectonts were 
(1992), which is incorporated herein by reference) and flic ■, maintained in DMBM-galactose containing 400 jig/ml 
complete bovine cDNA (Cochran etal.,Bi<>cterm.B«V«y«- 30 Q4jg 

Acta 1188:162-166 (1994) wh^ is •^^"'^^^^g"^^ . ; Complementation of the defective mitodiondrial function 
reference) were obtamed. SouttjemWofc aiwl^^ -instantaneous because new functional complexes must 

formed on human, hamster and ^f'^'t^^f^f^f;^^. gTSsembied in the mitodiondria and time is required to 
the bovine cn-3 cDNA probe. SouflKrtt blot atad n<^^.. ^cumulate levels of complex ntiiat are adequate to support 
blot analyses were performed using "^^^ ^5 i^ation and oxidative phosphorylation (MascarelloetaL, 

(Saiabrook et al.. supra, 1989); probes were labeled by the ^ j^^j ^m^z^i^, a lag 

random primer metiiod. Restnrtion enzymes w«e obtained H «^ observed in the transfected cultures when direct 
from New ^gland ^olabs (Bemiy^ Mass^ ^ P^^^ ^ ^ days after transfection. 

according to flie manufacturer s instructions (a- 'P)-dClF H^^evcr. after about two weeks, ceUs began to divide in 
was from ICN Pharmaceuticals (Irvme, Calif.). 4o p^EM-ajactose. In contrast, coltures tiiat were not trans- 

Soatbern Wot analysis revealed tiiat the (human x ^ ^ transfected with the vector 

hamster) hybrid ceUs contained, in addition to tiie ham^ containing an unrelated cDNA and flw neogene. no laolif- 
diromosomfiS,asmaUnumberdfhunianchronios<mics.The observed after the switdi to the DMEM- 

. . .......^4 human rihmnmsame . , , ,1. js-J 



20 



ciuuuiu9uiu,.«>, ~ »<■ ■"" - eratton was ooscrvcu mwa «uv ot<i.»^ ^ — 

hybrid XJM5.1. l.(+) contains an intact hum^ daxanosOTie ^^^^ medium and, after a few days, flie ceUs died and 
1, while tiie hybrid XJM5.1.1.(-) has lost flic «rtne chro- 45 ^^^^ dislodged from the plate. These results demonstrate 
mosome 1 during subsequent culture """^f™^**^?" that tiie bovine 01-3 cDNA complements ttic SDH deft- 
ditions (Mascarello et al., supra, 1980). The hybnds ^ jn CCL16-B9 cells. 

XJMI2.1.3 and XJM12.2.2 contain a human ^ ^ S^j, 

minidffomosome, with a few million base p^ of DNA JJ^*'^^ 0CL16-B9 cdls also was examined. 

fromlheshorta^rfdu^mos^Uftc^ 50 g^2XiSw^Ser;dned using fte assay of Green and 

XEW8.23 and xm9.WA Narahara (? Histochem. Cytochen, 28:408-412 (1980). 

after inadiation ""^contMn ataimanijn.^ JJ^ tocccporated herein l^y reference), wWdi measures 

1_2 miUion base ^^NAfrom JrTucdiStependent reduction of the analogue 2-(p- 

Thc bovine cDNA probe bybndizcd w«h taraBto and i).3.(j^^ttophenyl)-5-phenyl tetrazoUum dilo- 

wilh human restriction fragments even at rdatiY«^hi^ ss ^^^^'^^ J^duct was quantitated spectrophoto- 
stringency. Multiple bands w«e ^"^J^J^IJ^ metrically after extraction vdth etfaanoL Mitodiondria were 
DNA samples obtamed ftom the human f^;^-/"^ jsoi^ted by differential centiifugation as previously 

indicates flurt Oie human CH-S geae consists of cxons and ^ ^ 1976- sodabeig et aL, supra, 

inlroas or that mnWple Ctt-3 gcaes or pscudogenes are d^bea ^miia « ai., supni, 

present in the humatf genome (see ^^^l^.^^^ « "^LT ^ mi,«i»ondria from wild type 

DNA and tiieininichromosoineiirescirt in flic Iqteid cdls. wildtypc. 
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These results indicate that the SDH defidency obsraved in A. Human 01-3 cDNA: 
CCL16-B9 cells is due to a defect in dlher the 01-3 gene a coii5)lcte human cDNA encoding 01-3 was dooed 
fx the OI-B gene product. In order to determine whether flie g-Qj^ ^ UeLa cell cDNA library using the 5' and 3' RACE 
defect was due to a mutation in the hamster 01-3 gene. method and sequenced by the dideoxy chain termination 
hamster OI-3 cDNA was cloned. The availabUty of the 5 method. TTie first strand cDNA Uhrary was p-oduced by 
bovine cDNA sequence aUowed the design of jwimers fw reverse transcription of 1 jig total RNA from HeLa ceUs 
doning the hamster Cn-3cDNA from wild type and mutant anchor primer 

ceUs using a polymerase ch^n reaction (PGR). Computar 5..GACTCGAGTCGACATCGATTTTTTTTTTTTT- 
analysis of the bovmeai-3cDNA sequence was pcrfo ^q. "SUPERSCRIPT IT 

xn order to avoid regions of the sequence bkdytotom (RjjAse H(-): BRL; Gaithersbuig- Md.) at 4«'' C. foUowed 
J^^^^cr^sSXcfuTr^n^rdX^ F^^^^ "^^"^ "^"^ deoxynucleotidyl trans- 
ttie bovine and hamster sequences are m.Qre likdy to have (BRL). 

diverged. The 5'-d>NA was cloned by PGR an^Iiflcation of the first 

Based on the computer search, two oligonucleotide strand cDNA library using a gene specific primer, 
sequences were prepared: " S'-GCCAGCCCCATAGAGGACAACAC-S' (SEQ ID NO: 

5'-TGCCAGCCCTACAGAGGACAACAC-3' (SEQ ID 13) and the dG15 anchor primer. 

NO: IS) and S'-GACTAGTCGACTGCAGGGGGGGGGGGGGGG-S' 

5'-CTGGAGTAAGAACACTACnTAAACCGTCC-3' (SEQ ID NO: 14). The 550 base pair (bp) PGR product was 
(SEQ ID NO: 16). Eventually only use of the primer cloned directly into the pGEM-T vector (Promega). The 
corresponding to the 3'-end of the coding sequence (SEQ ID 20 3«_cDNA was cloned by PGR amplification of the first strand 
NO: 15) was successful for doning a large pcMtion of the cDNA library using the gene specific primer 
CII-3 cDNA from wUd type and mutant hamster cells by ttie y -G ACTCG AGTGG AC ATCGATTTTTTTTTTTTT- 
y RACE protocol (Frohman et al., Proc. Natl Acad. ScU YTTV y (SEQ ID NO: 12). The 1000 bp POl product was 
USA 85:8998-9002 (1988), which is incorporated herein by ^^^^^ ^g^y pGEM-T 

reference; see Bcample 1^ 25 ^ cDNAcontains a 27 nucleotide 5'-untianslated 

Reverse tiansa^tion-Pai (RT-PCR) did not yidd a a„deodde coding sequence, and a 779 

product when the two specific pnmers were used. Tlius,&e »c4«cuvc, ,„„„„„^/eRr> m vsc\- 1- 

5' and 3- RACE method, were attempted. Although the 3' ''"**«^»^*»^„3'-untonslat^ ^uena= (SEQ ID^^^^^ 
RAGE protocd was not successful, the 5 RACE protocol also, GenB^ Accession No. U57877).^e h^n^CII-3 
resulted in isolation of PGR products that induded the 5' 30 ammo aad sequence as d^ced from SEQ ID NO: 1 is 
. untranslated region of hamster Cn-3 mRNA and aU but 9 shown as SEQ ID NO: 2. Three mdq)endent.clone$ were : 
Huud^otides at tife 3' aid of the open reading frame. Four isolated and sequenced from the cimA;^UteiSi5Si*ii^'?fcadh 1 
;|ndme«i^tJP% were caniedoutwilheach <rf contained tiie same 01-3 dJNA scqu<a<«.;pis^i5^sug'-^ * 

;<iti]fe3i^ <ypcaiid mutant RN^ gests tbat only a single 0^3 gpne is raqi^sfea^^'^^ ' 

produds were dtmed into the pOEM-T vector CBromega; Nadhem Wot analysis also identifiM oMy a singfe 

Madison, "Wis.) for diredsequendng.DNAseq|uenctiig was band, although it is unknown whettira- tfie band cone- 
peifoimed uabog the Sequenase 2.0 kit (Unifed States Bio- sponded to one or more RNA transciqsts. Signifi^can^. 
cbemical: Oevdand. Ohio) and Ifae SF6 and T7 sequencing expression the d<Hied human Cn-3 cDlSTA (SEQ ID NO: 1) 
primers, as desctibed by mauufacturec, jn SDH-d^dent CCL16-B9 cdls. crai^lemeided 0ie 

The nucleotide sequence of die wild type hamster 01-3 mutation, diereby allowing tiie cdls to survive under Ae 
cDNA is accessible from the GenBank/EMBL Data Bank at ^ selective conditions (see Example I). This result oonfinns 
Accession No. US1241, which is incoip<xated herein by that the doned human cDNA sequence encodes a functional 
Inference. All of the clones obtained from mutant cdls qj.j iwoduct 

contained a G-*A tondfion in codon 137^i«^g Ae ^ Sequendng: 

conversion of a Uyptophan codon to a STOP codon. As a " . . ^7 ^^t.^„ 

result of the mutation in the OI-3 d>NA, 33 amino adds 45 Human genomic DNAdoned m the lambda DASH vector 
nonnally found at the C-tenmnus of fee translated protein was purchased from Stratagene (La Jolla, Cabf.) and 
are absent A conqwrison of the bovine and hamsta 01-3 soeened using a bovine Cn-3 cDNA (Yii et al., si^nra, 1992; 
<aSNA sequences demonsfrated 86% conservati<m at Ac Cochran et aL, si^jra, 1994; see, also, Ostveen et al, J. BioL 
nudeotide level and 82% conservation at the amino add Chenu 27026104-26108 (1995), whidi is incorporated 
sequence leveL The dianges are largely conservative 50 herein by reference). Four genomic dones containing 01-3 
duinges and aie scattered fluou^out the entiie pqptide. DNA sequences were isdated and partially diaiacterized. 

The results of dwsestDdifis demonstrate Out Ifafidefed in One done (JS18) contained die CQn^lete 01-3 codfaig 
the SDH deficient CCL16-B9 hamster cdlline is doe to a sequence, with no evidence of introns. However, the coding 
genetic mutation at a single nudeotide in the 01-3 gene, sequence contained two in-ftame stop codons and. therefore, 
resulting in production of a truncated 01-3 iHX)tein. In 55 likdy represents a pseud<^enc. A seccmd clone OfSS.l) also 
addition, the results demonstrate that the coiresponding contained tiie con^lctc OI-3 coding sequence, as well as 
human OI-3 gene is very dosdy Unked to the human sequences characteristic of a 5*- and 3'-untranslated 
dinmiosonieloaBtn»iiere. Based <m these results, a uidqae sequence, but no introns. However, no step codon was 
DMA sequence has been defined on the iiiinldinHiiosraoe presoit in diis coding sequence. Thus, it is undear whetiicr 
that is pres«ait in XEWS.23 cdls; flw minidinnnosome Is «, ttis sequence is eacpressed or is a pseudogene, although, 
deagnated herein as MAC-8.23. based <m *c cDNA doning, it qjpears that onty a single 

EXAMPLE n ai-3 gene product is expressed. 

lbs: two remaining dones (JS2 and JS5 Jl) contained 
01-3 cDNA and Partial Genomic DNA Sequeaoe mt&i^piag sequences as detonnined by restriction map- 

TiusauraiptedescnliesmeaodsforisalatiBgniidfik^ 6S jui^. The genondc sequence in was d^ested wfifa Mot 
sequences encoding fteOMsabunit of comrfcxHrf file I and Boo RI and a 1.8 Hqi NoOflBooRI fira^nent was 
mitodiondrial dedron lian^>ort systoa. snbdoned into a *%LTlESCRIPr" vector (Stratagene) to 
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,o.uce, P30S2 (see PIO. ^^^r.i:^^^!^ ^^ity^Xe^^Sf^sS^^^ 
r-jratlslSS o^a^^^^^^ ©NO: 1) can be used as probes to sa^ the hbrary. 

SjNMsioS) NO: 1) 5 K the human Cn-3 gene cannot be cha^^^ ^ 

A DOrtion of the subcloaed genomic sequence is disclosed letdy from lambda genomic clones, a yeast artficial duo- 
he^ta r^tton A (SEQ ID NO: 3; 257 bp), Exon-A (SEQ ^^^^ (YAC) or a "bacterial artificial chromosome 
mS?) 4- 164 bp) andlntron-B (SEQ ID NO: 5; 173 bp; see, ,^^0 containing the human Cn-3 gene can be purchased 
also FIG 2). Exon-A (SEQ ID NO: 4), which corresponds ^^^^^ Genome Systems. Inc. (St Louis, Miss.). EssentiaUy, 
to nucleotides 268 to 431 of fee human 01-3 cDNA(SEQ lo the manufacturer is provided with specific pnmers or a 
ID NO- 1). is bordered on fts 5'-end by Intron-A (SEQ ID ^ sequence to use as a probe. A sequence such as that 
NO 3) and on its 3'-cnd by Lrtion-B (SEQ ID NO: 5). ^s SEQ ID NO: 3, 5, 6 or 7 is ideal for tins purpose. 

Additional sequences bordering the 5-end (SEQ ID NO: 6; ^^j^^^^ sequences do not encompass a coding region or 
261 bo) and 3'-end (SEQ ID NO: 7; 333 bp) of the 1.8 kbp regulatory region. The manufacturer then screens a BAG or 
eenoi^c DNA fragment in pJOS2 also have been deter- 15 yAC horary, identifies a BAG or a YAC containing con^e- 
mined (FIG. 2; 'X' and "Y.** respectively). The exon and ^^ntary sequences, and provides the YAC or BAG. the 
introns are refared to by lettws because the complete can be sabcloned and charactmzed using 

structure of the human Cn-3 gene has not yet been deter- routine methods. 

mined. The sequences shown as SEQ ED NOS: 5 and 6 are posaiye dones are sOscted and redundant clones are 
referred to as "X" and respectively, since it is not clear 20 ^^^ci by restriction mapping. Unique clones are 
whether they constitute intron or exon sequences or portions j jated, subclones arc pK5»ared, and toe DNAsequences are 
of both. Reference to the "S'-end" and -^'-end" to«teate the ^^^^ Overlapping sequences are identified and used 
position relative to the reading frame a»«»d«l^ Bwn-A, ^.o^^uct the entire human 01-3 gene sequence. This 

based on its identity to the human 01-3 cDNA(SEQ ID NO: ^^^^ idaitificaliffli and is<dation of isogenic 

1). . • « sequences useful for targeted integration iv homologous 

DNA sequencing was perfonned usmg the fdlowmg recombination (Ten Ride ct aL, Pmc. Nad. Acad. Set.. USA 
ttimers:pJOS2Jicv,5'-TGGTGAAACCCrGTCrCrAG-3 89.5128-5132 (199^, which is incorporated hoein by 
(SEQ ID NO: 8); PJ0^2.T7 reference). . 

5VTCrArGCCITCAGGGArcrC£^(SEQ]© ITO: ^ additional exons and, if present, mtrons, a 

BuQPSli'orwl.5'-ACrr(miAACm:CCrOTGTC (SEQ 30 ^^^i^^ao^f^estrictionmappmgandpartialseqaencingB 
ID NO: 10); and HuQPSl.Rcv3, I3^ed us»S^ flje^vai^ 

5'-AAGIXircGGArCCCAITCCA-J (SEQ ID NO: 11). Os^Su^w^seguencw are examined by Southern blot 
The pJOS2.Rev and PJOS2.T7 primers were prepared based : fJISfi^^Sife human genomic DNA and genomic 
on sequences of the genomic subdone that were oWai^ DNA<*tttoed;|[omXEWS.2.3 cells. In particular, genomic 
using (he«universal"T7 andreverseprimeisspectf£fOTlhc 35 encoding the promoter and a portion of exon 1 

SSLg vector. The BuQPSLFoml and HuQrei.RCT3 ^"^eSSu 
were designed based on the human 01-3 cDNA ^ ^ 

T)N0:1). BXAMPLEIH 



sequence \.aDV ^ ... *-™™» 

The HaQPSLForwl and pIOS2.T7 pranas j«4ud» are WAr^oj 
complementary to sequences of Exon-A and "Y," re^- ao Modification of MAC*23 
tively (see HG. 2% also were used to ampHfy gjmomic DNA example describes methods for introducing an exog- 
obtained from human HeLa cells; haiMter B9 cells; g^ous nudeic add sequence into MAC-8.2 J. 
XJM5.1.1(+) cells, whidi ^TSb 1 1 An exogenous nucleic add sequence can be introduced 
complete human chromosome 1 ^Ji ^, uoo MAC^.2.3 using homologous recombmation (Ayares 
(-)leUs, which are doived from f^^-^f^^ « 1986; <iecchi, s^a, 1989). Briefly, a con- 
have lost the human chromosome ^ containing the ex<»g«ious nucleic aad 
which are hamster cells MAC82jL Tte fflnpl^ ^ ^ ^„ by nudeic add 
fication products were separated by polyaoytonide gd ^^fl^^ ^ human 01-3 gene. In particular. 
SophSs^idvisualizedbyethitobromidest^ S^^S^uras toSe identifiS. for ex^le. as 
and utaaviolet irradiation. A band ^'^S^J\'^. » ^ro^^T5!6and7 areused sudi that the exogenous 
l*p. whid, is the expected si^of *f a^^l^^^- ^ S<2^aSienStargetedtoaspedficlocus(seenG. 
the human 01-3 gene, was <*^«i f r^s?3 STSier Sque sequences of the human 01-3 gene 
obtained from the HeLa <«"^XJM5.1.1(+)^d ^^2^^ des^ in Example n also can be used to 
cdls, whereas no band was observed fol^o*^ JJ^Uytaigpt an exogenous nudeic add sequence such 
tionofthehamsterB9cellsortheXJM5.1.1(-)cells. These 55 ^"^^^^^^.aj^Bj^a^oxPsite 
results indicate that ttie cloned human genomic Ca-3 ^/J^^^ ofj^e human 01-3 gene, induding at the 
sequences are present on diromosomc l Jndudmg on flie ^^-ena^ ^ ^ ^ ^ ,^ 
portion of diromosome 1 coinpnsmg MAOi23. exogpnous audeic add sequence be expressed from^c 
The complete human Cn-3 gene readily can be deter- promotot Depending on the insertion site of the 
mined by subdoning positive kmbda genomic doow tte* CO je^encc, 01-3 gene function can be disrupted, if 
havebeenisolatedbutnotyetdiaractenzed.]taadditfon,tiie 

complete human 01-3 gene can be otoined ^ "Trf^JI ^lintroduccd exogenous nudeic add sequence can be a 

the lambda DASH Ifeary to ide^ i^^;^^^^sc^pcna>.T^mtr^<^onofsach 

containing OI-3 sequences. In addition, a genomic BhK^ T^^^^cl^ andLii particular; into tiie 01-3 gene 
rfXEWS.23cdrindudingMAC-8:i3,««bep«^ « ^^^^^^^S^^to^in^ 

andscreenedfor genomic Cn-3^ueno«.^ea»^ EjuSi^^^^^ ^ "^C- 

able doned human genomic ac d>NA CII-3 seqpiences (see suosc4uoi«. 
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8.2.3 in a site specific mannw using flie Cre lecombinase so as to yield the desired <aientation of the introduced 
from bacteriophage PI ot the FLP recomWnase frran S. sequence. The targeting vector can contain a promoterless 
cerevisiae, respectively. A loxP site, far example, is intro- cDNA sequence, whidi, following ^dfic integration, is 
duced into the Cn-3 gene p-esent on MAC-8.2 J. The loxP expressed from the Cn-3 promoter. In addition, the targeting 
site is introduced by transfection of a targeting vecto" 5 vectw can contain a neo gene, with promoter, to allow 
containing the neogene and promoter, flanked by two loxP selection. Ahernatively, the neogene can be promoterless 
sites, which, in turn, are flanked by human Cn-3 gene and can be separated from the exogenous nucleic acid 
sequences containing the Cn-3 promoter on one side and sequence by a shot sequence, including an internal libo- 
CII-3 gene exon or intron sequences on the other side, which some entry site, IRES, (see FIG. ID; Mountford and Smith, 
further is extended by the HSV-tk gene sequence (see FIG. lo Trends Genet 11:179-184 (1995), which is incorporated 

herein by reference). Hie (31-3 promoter directs expression 
n,e gene encoding puromycin resistance also can be of a dicistronic mRNA and neo resistance occurs only 
incorporatedintothetaigetingvector,eitherinplaceoforin foUowing speciflc integration. 

addition to another selectable marker such as neo (Sfaerjanc A MAC containing a donunant selectable marker can be 

et aL, Mol. CeU. Biol. 14:8451-8459 (1994); Vara tt aL. »5 transferred into a varietsf of mammaUan cells and ceUs 
NucL Acids Res. 14:4617-4624 (1986), each of which is containing flie MAC can be identified. Selection for G418 
incoipi^ted herein by reference). Use of the puromydn resistance or puiomydn resistance is powerful and allows 
gene has advantages over the neogene because puronqicin is the identification <rf ceils containing tiic MAC even where 
Sgnificantly less expensive than G418. Also, the cDNA there is a low effidency of transfer. A MAC can be mtro- 
encoding the green fluorescent protein (GFP) can be used as » duced into a mammalian lecqrient cell by somatic ceU fusion 
a selectable marker (see Yeh et aL, Proc. NatL Acad. Set.. wifli a host donor cell sudi as XEW8.2.3, which contains the 
USA 92:7036-7040 (1995), which is incorpcarated ho-dn by MAC (Carine et aL, supra, 1986). 
reference). GFP is particularly useful as a selectable marka: ftia: to fusion, the host ceU containing the MAC can be 
because cells expressug GFP can be identified and, if irradiated at a dose that fragments the host cell 
desired, isolated using a fluorescence activated cell sorter ^ chromosomes, such as the hamster chromosomes in 
(FACS). 3aESW83.Z but spares the MAC which is not hit due to its 

FoBowingUansfection of die host cells wiA the targeting small aze. The iira«atod host ceUs then are fused to a 
vector, cells are grown in medium containmg G418 and mammalian cell line such as COS ceUs (monkey), 3T3 cells^. > f : 
gancyclovir. Cells that grow in this medium express &e (mouse), or othea: cells induding human cdls or mouse 
neogene, but do,not express the HSV-tk gene and, therefa-e, ^ emtayonic stem (ES) ceUs and cdls that grow under- ttle 
are cgasjdered h^ hW incorporated the taigctihg vectOT by apprc^iriate selection conditions are obtained, i v.-ij-it^.^f^ , . » 
homoloew§i#0liSiflatioji into the human 01-3 gene (see ^ . , ^ r, ' H^^^^j' ' 

ffiB)|l|^Sr^6nisconflimedusingrcR.This EXAMFLEIV , ' ^W^^k.^^'^. 

method ^odiices^XC-ac«P-ne^loxP), whidi contains an ^^^^ j^^^ the Size of a MAC =" ' ! 

acdve neogene, flanked by ioxP sites, integrated down- 
stream at the promoter of die Cn-3 gene. This example describes m^ods topiodudng a MAC or 

MammaUan ccUs contaming MAC-(laxP-neo-loxP) are f« reducing the size of a MAC such as MAC8^. 
tiansfected with a vectw expressing die Ore gene, wherein A MAC can be i»oduced by irradiation of nomal duo- 
transient expression of die Cre gene results in precise and ^ mosomes or minidiromosomes at a dose that results in thefr 
efEdoit excision of the neogene, leaving a sin^e loxP site fragmentation. Sunilaily, iiradiation can be used to reduce 
in the untranslated portion <rf exon I (see FIG. IQ and die size of a MAC such as MAC8.23. For exan5)le. host 
producing MAC-OoxP). Similarly, the purified Cre protein cells containing MAC8.23 can be e^Hjscd to a dose that 
can be introduced directly into MAC-l-containing cdls lesnlts in the MAC being hit one or a few times. Sudi a 
n^Hp<rfection(Baubonis and Saner, aipca, 1993). Fredse „ mefliod was used to obtain MA08.23 from hybrid cell line 
etdsion of the neogene is confirmed by PGR. MAC<IoxP) XIM12JL3. which contdns a larger MAC, and can be used, 
contams a single loxP site useful fOT targeting an exogenous if desired, to sdect a MAC that is smaller than MAC-8.23. 
nucleic add sequence. AUemalivdy, by randonaly inserting a selectable marker in 

A Momoterless neogene can be introduced into MAC- the genome of a cell, fragmenting the chromosonKS^d 
8.2.3^dithatatranscriptproduceda.erefromoonlainsaie « ^^^^'^^'^'^'^l^'''^?Tf^!^!^$^± 
upstream portion of cx^l and the lotf sequence, wMch canbcobtameAByscreemngthere^stent hjteidsH^ 
fbnns the S unJranslated region of the neo tnuua^ (see methods disdosed herein, a new MAC towng a neogene 
Jeannotte et aL, MoL Cell BioL 11:5578-5585 (1991); insetted in a peticentnc location can be obtained 
C3»anon et al., MoL CeU BioL 10:1799-1804 (1990); i^gmentation of diromosomes. minidiromosomes or a 
Schwartzberg et al.. Proc, NatL Acad. Sci., USA 55 MAC using tdomerase assodated truncation also can be 
873210-3214 (1990), each of whidi is incoipOTated by used to produce a MAC <x reduce the size of a MAC For 
reference). If desired, die translation start ate of flic 01-3 cxample.atdQmcresequenccconsisangofrq>eateduBit8<rf 
gene, whldi encodes the portion <tf flie polypq)tide flint the sequence TTAGGG can be introduced into the i^n of 
tam^ it to die mitodiondria, can be ddeted. toe 01-3 gene present on MAC8.23 sudi fliat sequences 

Cells carrying a single loxFsite on flie minidiiomosome « distal to ttetdomerewitfi respect to flic centoomae are lost 
are oottansfcctedwifli a circular taigetingvcctK containing fitomflieMAC 

an exogenous nucleic add sequence and a sccoirf lossP site Site spedfic targeting of a td<mK«: sequoice is accomr 
(see HG. ID) and wifli an c:qjression vector contdning flie jdisfaed by homologous recombination using a tatgetmg 
Cre lecombinase gene. RccombinasejBcdialcd integratioB vector as described in Example m, cxceptfliat flie tctomore 
of flie vector at flie lootP site in the MAC inserts flic «s sequence is aibstauted, for cxan^ilc, for flie l<«P dte. Of 
exogenous nndcic add sequence into flie MAC (sec HG. course, if a loxP site first is placed into MAC8.23. flie 
lE).Thcl<aPsacsareotiented,wWire^toeadiottier, td<Mnere sequence can be introduced into flie site by moor- 
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Doratme the sequence into an app-opriate vector (see FIG. 
IE). Mrodudng the vector into a host ceU containing 
MACS 2.3 and exj^essing the Qe reccMnbinase in the ceD 
(see Example IH). The sequences in the targeting vectw to 
directing an exogenous nucleic acid sequence into 5 
MACS 2 3 by homologous recombination can be, for 
CTample, those disclosed herein as SEQ ID NOS: 3. 5, 6 or 
7 since Ihese sequences likely are unique sequences in the 
human genome and, therefore, in MAC8.2.3. The use of 
sudi unique sequences will preclude insertion of tfie target- u 
ing vectOT into the hamster chromosomes present in the host 
XEWS.23 cdls. 

EXAMPLEV 

1 

Production oflYansgenic Mice 
This example i^ovides a method f« i^odudng transgenic 
mice by stably expressing a MAC containing a selectable 
marker in the mice. 3 

Transgenic mice are created by introducing a MAC con- 
taining an oogenous nudeic add sequence into onbiyomc 
stem (ES) cdls, then microinjccting the ES cdls into mouse 
embryos. Methods for culturing ES cdls are wdl known m 



the art (see, for example, Krieglei, sup-a, 1990). Briefly, 
superovulation is induced by intraperitoneal injection of 
hormones using a 27GM! needle to deUver less than 20O jd 
hormone and ttie mice are mated. Tbc pr^nant females are 
anesthetized by inhalation wift Metafene and sacrificed by 
cervical dislocation and fertilized embryos are removed 
from the oviduct. ES cells containing a MAC are selected 
and microinjected into the embryos. Alternatively, a MAC is 
microinjected into an ovum, which is fertilized. Pseudopreg- 
nant females are anesthetized by inhalation with Metafane 
and the embryos or fertilized ova are iii?)lanted into the 
oviduct Offsping. which are weaned at three or more weeks 
of age, are anesthetized by inhalation with Metafane, one 
. half inch of tail is removed using a sterile Wade and a blood 
' san^de is obtained. DNA is isolated from the blood sample 
and screened by Sou&eni blot analjrais to identify animals 
containing the exogenous nucleic add. 

Although the invention has been described with reference 
to the exan«)les provided ^ve, it should be understood that 
various mbdiacations can be made without dqjarting from 
&e spirit of the invention. Accordin^y, flie invention is 
limite d only by the claims. 



■■ i2yimimtm^^^**°'*- ■■■■ 

d ( i )saQUENCECHAltACIEMSrnCS: 

. ( A ) LENOIH: 131S bw inn 
(B )Tyi>E:aaMBaad 



(D)TWOL0OfifaM9t 
t )MMJBCUlJBTWE:cJINA 



( X i )SB(JUENCEMSCiaPTKW!SBQn>»«):l: 
ACXTCCOTTC CAOXCCOOAA CCCAAO AXO OCT OCO CTO TTO CTO AOA CAC OXX 

OCT COX CAT XOC CXC COA OCC CAC XXX AOC CCX CAO CXC XOX ATC AOA 
Gly Arg Hi. Cy. Leu Arg At. Ht. P h « s«i j5 

iti ir. ;ii ly. s?J i" °" -•• n; 

It: it; tit nt J" -t; 
ti; ir. ;n ;i! ni ^- '■• '"I 
iv. %ii tr: v.: i" iv. :?t .T ?" v.i iii ir, tv, v.". tr. 
Ill li; ill tr, ir. st: ir. ir. n; stt r.i tr. nf 
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CTG TOT CTO OOO CCA OCA CTO ATC CAC 



Th I Ala Ly « 

,T OOO ATC COA 



OCA CTT GTC 



TTG ATO TOO 



CAO TCT OOA OTO 



OTT GTC CTO OT 



TOAAGAAAOO AGOCTCCCAO 

GTTTOTCATT CTTATCTCCA 

ATTTTCAOAT CTCCTTOGAO 

TAOTTTTCCC CTTOTTTCTA 

OCTTOCCTAC TCTCQOCCTA 

CTGAOOOTCA OCTTTTOOCT 

CTTCTGCCCT OOOGATOOOC 

TGCCTOTOOG TTTOCTOOCT 

TAACAACTAA CACAOTGTTA 

C C C A O C T A GA . ,b O O A O AT A A A 

AAA t AitA f^^^^^fi r a.,0 A <c A c 

TATTTCTTtt TCTTOOATTT 

ATOTACCCTT TTTTTCTOAA 



CATCATCTTC 
OCCTGOCAAA 
CAOTAOAOTA 
AAOATGAOOT 
OAAOCAOTTA 
CCTTCTTCCT 
CGOOTTaOOO 



O.AGOOCTAOT 
GAGGAAOATC 
CCAOAAAAOC 
ACTOAATTAA 



CTACACATTA 
AGTTCTCCTT 
CCTOOTAOAC 
OOCTOCAAAA 
TTCTCTCTCC 
OAOACAGTOO 
OGTOGOTTOO 
TTCTCTTTCA 

TAOTTCTTGG 
TAOAAAATTA 
CTCTTAATTT 
ATACTCATTT 



TTACATTCAC CCATCTTTCT 

ATTTGTTTAO ATCCTTTTOT 

CATAATAOTG OAAAAOOGTC 

ACTCCCCTTT TTTOCCCACA 

ATATTGOOCT TTOATTTOTG 

AAACAATOCC AOCTCTOTOG 

OTOAAOCTTT OOOTTOCCAC 

TTOOTOAOAG CCCAGGCCAT 

OTOOAOOOOA ATTAGTCTOT 

AGCAOCTOCT TTTGAOOAOA 

TCATTOAACA TATTAATOGT 
TATOCTTTCT CATCOAAOTA 



( 2 )]MFORMAIIONFORSBQIDNO^ 

( i )SBQC]GNCECBARACIEiasnCS: 



< i i ) MOLECULE TYFSttnitdn 

< X 1 )SBQPENCBDBSCR]PIlCN:SBQIDNOfl: 
.» A>e Hi 

Pke Ser Pro 



Ala hjt Ol n Ola 



Ate 
25 

tB rhc 



65 

Oly V.l Se 

Ota Ser Ty 

lie Hit Th 



lie Oly Se 

set Leo Pt 

Leo Ser At 
S 

Oly Ai« Pb 
95 

Pro Ala Le 
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( 2 )INPWU«lAn<»IK»SEQn>N03: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENOIH: 257-bMe pMn 
(B ) TYPE: oneldc add 
{ C ) STRANDEWffiSS: liagle 
(D )T0PCMXX3Y:BiiMt 



< I i ) SEQUENCE DESCRHTICWrSBQ ID N03: 

TTCCCCXTAC TCAOOAOOCT OAAOCAOOAO XCTCOCXTOA ACTTOOOAOO TOOAOOTTOC 

AOTOACCCAA OATTOCACCA ATATACTCCA OCCTOOOTOA CAOAATOAOA CTCTOTCTCA 

AOAAAAAAAO AAAACAAAAA TCTTCTCOAX XXCAAAATOa XXTAOAAXXO XAXCAOOXOC 

CAOOaOXCCC AOXXXXAXOX AXCAXAXXAO XXOXAACXXA XOAOCAOCXO TOACAAOCXA 



CXTOOXTTTC XCCICAO 

( 2 )n0I0RM«IC»»K«SBQIDNCM: 

( i ) SEQUENCE CHARACTERISnCa 



(D)T0POLOOY:BliMt 
( X i ) SEQUENCE DESCRIPIICWiSEQ ID NO!*: 
OOOXCXCTCT TTTTOGCATO TCOOCCCXOX XACXCCCTOO OAACXXTOAO TCXXAXXXOO 
AACXXOXOAA CXCCCTOXaT CXOOOOCCAO CACXOATCCA CACAOCXAAC XXXOCACXXO 
XCXXCCCTCX CAXOXAXCAT ACCTOOAATO OOAXCCOACA CXXO 
( 2 ) WTOKMMION FOR SBQ ID NCM: 



(D)1«»0LOOT:Iiaea 



OXAAOXXAAX XCOO^AXXXO CACAXXXXCX CXOXOAAOCO AOXOOOaA.A CXOOOA<.OAT 
XCXXXCCXXC AXXACXOOOX XXAOXOCXOX XCXXTXXXXX XXXXCCCAAO AOXOOAaXOX 
CXCOCXCXAX XOCCCAOOCX OOAOXOCAOX OOXOCOAXCX CAOCXCACXO CAA 

( 2 )INfOKMfflK)NK)RSEQIDNO& 

( i )SBQOENCECHARACTERISnCS: 
( A ) LENCflH: 327 ba«i«or» 
( B )XVFE:aKl«:aiad 
( C}SIltANDEI»«BSS: na^ 
(D)TOPO«Xnf:Eiiea 

<x i )SaiaBNCBDBSCRiraON:SBQn>NCW: 

AAXTAACCCX CACXAAAOOO AOXCOACXCO AXCCCAAOXA OXCTOXCTCC CATCATAAAC 

XXOAACAXOA OXXXAAAXCX XCXCCXXTXC AAOOCCOOOX OCAOXOOCXC ACACCXOXAA 
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TCTCAOCACT TTOOGAOOCA AAGOTGOOCA OATCACTTO 

CCTOOCCAAC TTOOTOAAAC CCTOTCTCTA CTAAAAATA 

COTGGGCACC TGTCATCCCC ACTACTCAOO AGOCTGAAO 

OGOAAGTOOA AOTTOCAOTG AACCCAA 

( 2 JINFORMATIONFORSEQIDNCW: 



( X i )SBQUENCEDESC!UFnCW:SBJIDNCW: 

TTOQCACCCA OTTTCTATTA AAOTTOGCCC AATTCTOTCC AACATCTCAA AACAOAAATO 

CAATATAATO TOTAOATAAO AAAAOGTAAT CTATTTOAGT CCTOTCAOAA OCACTACTCT 

OOOTCAACAO OAACOOAAOA ATOAAAOCAG CAACAATOOT TATCTAOCTC ATAACTOAAT 

CCCCAGTOTC TACAACAOTA CCTOACACAT AAATACGTAC CAATTAATAT TTATOTCATA 

AACATOCATT CTATOCCTTC AOOOATCTCT TTTAAATATC CCTCTTAAAA ATOAAOAOTT 

CAGCAaOGCA CAOTOOCTCA CGTCTOTAAT CCTAOCACTT TOOOAAOCTO AAAAOOOTOO 
ATCACAAOOT CAOATTTOAA AAA 

< 2 )INIORM«IQNFORSBQIDNO:8: ,^ 

< i )SB(JOHNCBCHARACrEWSIICS: 
( A ) UBNOIB: 39 law pnn 
< B )TVPB:aldeicacS 



<D )T0PO(XK3Y!Hi!e« 
( X i )SEQaENCEDESCRmiC*t:SBQIDNO«: 
TOOTOAAACC CTOTCTCTAC 

< 2 )Il«<0RMAnOKPC«SEQIDNOf: 




IxiiSt 

TCTATOCCTT CAOOOATCTC 

( 3 )IHPORM«IIONFORSEQIDNaiO.- 

( i )SBQUEr«ECHARACCBBISIIC! 

( A )LBNQIB:a01i«eiai 
(B >TI(FB:aiidacaciil 

<D)T0POiXX3%Banr 



ACTTOTOAAO TCCCTOTOTC 

(2 )INB3itM«IK)N{>0R^IDNO:U: 

< i ) SEQUENCE CaARACnBWSnCS: 
<A)UN(nH:a3liaepBi> 
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) SEQUENCE IffiSCRmlW: SBQ ID N< 



( 2 )INFCPIlMAn<»JF0RSEQIDNO:n: 

( i ) SEQUENCE CHARACIEWSnnCS: 
( A ) LENOIH: 35 bwe Jim 

( c ) SIRANIKDNBSS: riogle 
( D )TOPOUX3Y:UllMr 

( X i ) SEQUENCE DESOUPnONiSBQ ID NO:l2: 

GACTCOAOTC OACATCGATT TTTTTTTTTT TTTTT 

< 2 )tM^)RMAnOKP<»SEQIDNO:I3: 

( i ) SEQUENCE CHARACTEWSnCS: 
( A ) LENOTH: 23 b«e paa 
< B )TYPG:oMldeadd 
( C ) SIRANDEDNBSS: naeJs 
(D)TOP«XXnfcBllMr 

< X i ) SEQUENCE DESCMraON:SB(in>Nal3: 

OCCAOCCCCA TAOAOOACAA CAC 



( 2 )1NPORMAXKWFORSEQIDNO:W: 



(X i )Sf 

OACTAaTCOA cTocAGOooo ooooaoaooo 

( 2 )!NFCIRM«I1!IWK»SBQIDNaiS: 
(i)SE 



(€)! 
(D)T0PaU0OY:li«car 

( X i )SBQDENCEOESaaPn<»l:SBQIDNOd5! 

TOCCAGCCCT ACAQAOOACA ACAC 

< a JINPWMAnONPORSEQIDNChlfi: 



<xi )SI 

CTOOAOTAAO AACACTACTT TAAACCOTCC 



a»e nonnal haploid genome <tf the mammalian 



cdl from 



itSininaIianartfficMd.romosome(MAC)^^ ocntromen. was oWai«ed. 
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5. The MAC of claim 2, wherein said unique cloning ate 
conqjrises a portion of a nucleic add sequence encoding a 
human CII-3 gene selected from the group consisting of Seq 
ID No. 3. Seq. ID No. 4., Seq. ID No. 5, Seq. ID No. 6, Seq. 
ID No. 7, and a pcaHon of Seq ID No. 1. 

6. The MAC of claim 3. wherein said selectable marker is 
an exogenous nucleic acid sequence. 

7. An isolated mammalian cell containing the MAC of 
claim 2. . 

8. The mammalian cell of daim 7, wherein said cell is a 
human cell. _ _ 

9. An isolated mammalian cell contammg the MAC or 
daim €. wherein said ceU stably expresses said exogenous 
nudeic add sequence. 

10. The mammalian cell of claim 31, wherein said cell is 
a human celL a/-, cxi 

11. A method of preparing a MAC fix>m MAC 8.2.3. 
comprising the stq)s of: 

(a) fragmenting MAC 8.23, and 

(b) sdecting a centromeric fragment <rf said MAC 8.2.3, 
wherein said centromeric fr^ment contains less than 
about 0.1% of the DNA present in a normal ha|doid cell 
from whidi said MAC 8.23 was obtained. 

12. The method of claon 11, further comprising the step 
of first insetting an exogenous nucleic add sequence encod- 
ing a selectable marker into said MAC 8.23. 



13. The method of stably expessing a selectable marka 
in a mammalian ceU, comprising introducing MAC 8.23 
containing said selectable marker into said cell and stably 
expessing said selectable marker in said celL 

14. The method of daim 13. wherein said sdectable 
marker is an exogenous nucleic add sequence. 

15. The method of claim 13. wherein said mammalian cell 
contains a mutation and said sdedable marker complements 

3 said mutation. 

16. The method of claim 13. wherein said introducing 
comprises fusing a host donor cell containing said MAC 
8.2.3 with a recipient cell, thereby poducing a hybrid cell 
containing said MAC 8.Z3. wherein said sdectable marker 

^ is stably repressed in said hybrid cdl. 

17. The method of producing an exogenous mammali a n 
gene product in a mammalian cell. con^Mising fte steps of: 

(a) introdudng MAC 8.23 containing an exogenous 
" nuddc add sequence encoding flic m a mmali an gene 

product into said ma mm a lian cdL and 

(b) expressing said mammalian gene product in swd 
mammalian ceU. 
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Molecular Basis for the Polymorphic Forms of Human Serum 
Paraoxonase/Arylesterase: Glutamine or Arginine at Position 
191, for the Respective A or B Allozymes 

Steve Adkins,* Karen N. Gan,t Malay Mody.t and Bert N. La Duf 

•Department of Environmental and Industrial Health, School of Public Health, and fDepartments of Pharmacology and Anesthesiology, 
Medical School, University of Michigan, Ann Arbor 



Summary 

The paraoxonase/arylesterase gene is located close to the cystic fibrosis gene on chromosome 7. Human serum 
contains two paraoxonase/arylesterase allozymes, A and B, which differ in their substrate specificities and 
kinetic properties. Purified A, AB, and B esterases were digested with trypsin, and the resultant peptides were 
compared by high-performance liquid chromatography. The elation profiles were very similar for all three 
samples, except for (1) one peptide (i.e., peptide A) seen only in the A and AB profiles and (2) another peptide 
(i.e., peptide B) seen only in the B and AB profiles. Sequencing revealed that peptide A had glutamine at amino 
acid position 191, whereas peptide B was generated by cleavage on the carboxy side of position 191, presumably 
because there was a basic (trypsin-specific) amino acid at that position. Working independently, our laboratory 
and one other laboratory have sequenced the coding region for paraoxonase from human liver cDNA libraries 
and have identified two polymorphic sites: Arg/Gln at position 191 and Leu/Met at position 54. Using PGR 
amplification and direct sequencing of nucleotides in both polymorphic regions with genomic DNA, we have 
estimated the allelic frequencies and have determined their concordance with the serum paraoxonase allozyme 
phenotypes in 27 unrelated adults and in 16 members of a three-generation pedigree. Among unrelated 
individuals, the Met/Leu polymorphism at position 54 did not correlate with the serum esterase phenotype. In 
contrast, the particular amino acid at position 191 correlated perfectly with serum phenotypes: A-type 
individuals had Gin at position 191, and B-type individuals had Arg at position 191; AB-type serum was found 
only with the heterozygous (Arg/Gln) combination. Pedigree analysis showed both polymorphisms to be 
inherited in the expected Mendelian manner and confirmed that only the 191 polymorphism showed 
concordance with the serum paraoxonase/arylesterase phenotypes. 



Introduction 

Human serum paraoxonase/arylesterase catalyzes the 
hydrolysis of organophosphates, aromatic carboxylic 
acid esters, and carbamates, but its physiological func- 
tion is still unknown (see the recent general review by 
La Du [1992]). The enzyme has been highly purified 
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from human serum, in this laboratory (Gan et al. 1991), 
and the characteristics of the two allozymic forms have 
been described (Smolen et al. 1991). 

The genetic basis of the paraoxonase polymorphism 
was first carefully investigated by Playfer et al. (1976). 
They concluded that high and low serum paraoxonase 
activities were controlled by two alleles at a single auto- 
somal locus. The two allozymes are presumed to be 
products of a gene (i.e., PON) located close to the cys- 
tic fibrosis gene on the long arm of chromosome 7 (Tsui 
et al. 1985). Several years ago, our laboratory developed 
a method for identifying A, AB, and B serum paraoxon- 
ase/arylesterase phenotypes (Eckerson et al. 1983fl, 
1983^>). Advantage was taken of the observations that 
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the two allozymes differ in qualitative properties: the B 
allozyme has a relatively higher paraoxon-hydrolyzing 
activity and shows a greater degree of stimulation of its 
paraoxon-hydrolyzing activity by 1 M NaCl than does 
the A allozyme (Eckerson et al. 1983&). The quotient 
obtained by dividing paraoxonase activity in the pres- 
ence of 1 M NaCl by the arylesterase activity (measured 
with phenylacetate), called the "ratio" of these activities, 
has been used to diagnose the phenotype of serum sam- 
ples (Eckerson et al. 19836). Chlorpyrifos oxon has also 
been suggested as a substitute for phenylacetate for 
serum phenotyping (Furlong et al. 1988; Hassett et al. 
1991). The designated A, AB, and B esterase phenotypes 
are based on the ratios with the two substrates and fol- 
low the expected autosomal inheritance patterns; no ex- 
ceptions have ever been noted. The above genetic evi- 
dence strongly supports the view that either the two 
activities are properties of the same enzyme or the genes 
for the two enzymes must be very closely linked. Basic 
questions about (1) how the structural differences in the 
A and B allozymes account for their distinctive catalytic 
properties and (2) whether the allozymes both have para- 
oxonase and arylesterase activities have been under 
study for several years in our laboratory. 

This report describes experiments on purified A and 
B paraoxonase allozymes to identify the structural dif- 
ferences in the allozymic proteins, as well as molecular 
studies on human paraoxonase genes to determine the 
DNA basis for the paraoxonase polymorphism. Protein 
sequencing has revealed the possible occurrence of an 
intramolecular disulfide bond, the location of one 
asparagine-linked carbohydrate, and the first amino 
acids in the mature enzyme protein. We independendy 
cloned the paraoxonase cDNA coding for amino acid 
methionine 11, to the last amino acid in the protein, 
and confirmed the full-length cDNA sequence recently 
reported by Hassett et al. (1991). Amino acids methio- 
nine 1 to glycine 10 were recloned from the same 
cDNA library used by Hassett et al. (1991). The loca- 
tion and some sequence data about two introns adja- 
cent to the two polymorphic sites are described in the 
present paper, since both were used in our laboratory 
for PGR amplification and direct sequencing of the 
polymorphic regions. Two common polymorphic sites 
at amino acids 54 and 191 (these same positions are 
designated "55" and "192," respectively, by Hassett et 
al. 1991) have been identified, so it has been necessary 
to compare each person's serum paraoxonase pheno- 
type with their DNA-structural polymorphisms in 27 
unrelated individuals and in members of a three-gener- 
ation pedigree, to determine whether one or both of 



the structural polymorphisms cosegregate with the 
serum paraoxonase phenotypic characteristics. We 
found that only the polymorphism at amino acid posi- 
tion 191 showed the expected correlation between 
paraoxonase genotypes and phenotypes. 

Material and Methods 

Paraoxonase Purification and Amino Acid Sequencing 

Paraoxonase/arylesterase was purified from frozen 
human serum that had been previously phenotyped ac- 
cording to a method described elsewhere (Eckerson et 
al. 1983&) and is summarized in the Phenotyping sub- 
section below. Several units of serum, usually four, 
from different individuals of the same A, AB, or B phe- 
notype were pooled and purified by the method devel- 
oped in our laboratory (Gan et al. 1991); serum was 
treated with a blue agarose column, washed with salt 
buffer, and eluted with detergent buffer. Active frac- 
tions were fractionated on a DEAE biogel column, 
washed with detergent buffer, and finally eluted with a 
salt gradient. Most preparations were carried through a 
second DEAE-agarose-column purification step and 
were estimated to be over 50% pure enzyme, on the 
basis of the specific activities obtained, and to be over 
90% enzyme protein, on the basis of the PAGE gel 
patterns of the stained protein bands (Gan et al. 1991). 
The purified enzyme has a molecular weight of about 
43.0 kDa. A purification scheme for rabbit and human 
serum paraoxonases has been described by Furlong et 
al. (1991). Amino acid sequencing of peptides obtained 
by proteolytic digestion of purified enzyme revealed 
that human apolipdprotein was a minor contaminant in 
our preparations, but no other contaminants were 
identified. Non-apolipoprotein A-I sequences were as-, 
sumed to represent paraoxonase protein, and these 
were later identified in the protein sequence translated 
from the cDNA nucleotide sequence. 

The purified paraoxonase preparations were digested 
with trypsin or pepsin, and the resultant peptides were 
characterized and separated by high-performance liq- 
uid chromatography (HPLC) as described by Lockridge 
et al. (1987). Some of these peptides were sequenced 
manually by the Edman degradation method (Tarr 
1982), followed by quantitation of the derivatized 
amino acids by HPLC (Black and Coon 1982). Se- 
quence searches and comparisons with known protein 
and DNA sequences were carried out by using the facili- 
ties of Protein Identification Resource (Georgetown 
University, Washington, DC), Intelligenetics (Mountain 
View, CA), and Genetics Computer Group (Madison). 
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Genbank (Cambridge, MA) was used for homology 
searches. 

A sample of undigested purified paraoxonase/aryles- 
terase was submitted, for automated amino acid se- 
quencing, to the University of Michigan Protein and 
Carbohydrate Structure Facility, to verify the amino 
acid sequence at the N-terminus of the mature protein. 
Since this nonapolipoprotein sequence showed that the 
first amino acid was alanine, the latter was designated 
as "residue number 1" of the paraoxonase amino acid 
sequence. The first base of the codon for that initial 
alanine was identified as "nucleotide number 1" in our 
numbering system for the cDNA and genomic DNA 
sequences (fig. 1). Hassett et al. (1991) concluded that 
the amino acid (i.e., methionine) preceding what we 
have named "ala 1" was the first amino acid in the 
nascent paraoxonase protein, and so Hassett et al.'s 
numbering begins by designating that initiator methio- 
nine as "amino acid 1." The University of Michigan 
Protein and Carbohydrate Structure Facility also ana- 
lyzed a number of the isolated peptides for both the 
amino acid sequences and carbohydrate components. 

Cloning and Sequencing of the Paraoxonase cDNA 
Clones 

A human liver cDNA library was provided by Dr. S. 
Woo (Kwok et al. 1985). This library was screened by 
standard in situ hybridization techniques (Maniatis et 
al. 1982). The oligonucleotide probes employed were 
either mixtures of oligonucleotides to include all the 
possible codon compositions or unique-sequence oligo- 
nucleotide probes constructed on the basis of tryptic 
digest peptide sequences obtained from purified para- 
oxonase. The codons selected for the unique-sequence 
probes v/ere those most frequently used for those 
amino acids in human proteins (Lathe 1985). Lambda 
gtll clones were subcloned into M13 sequencing vec- 
tors, and these were sequenced with universal and spe- 
cific primers (Sanger et al. 1980). 

By use of random-labeled probes (Feinberg and Vo- 
gelstein 1983) generated from our first clones, the Woo 
library was rescreened by in situ hybridization tech- 
niques. Hybridizing plaques were characterized by PCR 
amplification without plaque purification or DNA iso- 
lation (Hamilton et al. 1991). Lambda gtll primers 
were purchased from New England Biolabs. 

To examine the Woo library specifically for clones 
extending as far as possible in the 5' direction, an ali- 
quot of the library was amplified by the PCR technique 
(Hamilton et al. 1991) by pairing vector primers and 
paraoxonase primers located near the N-terminal se- 



quence of paraoxonase. The products were directly se- 
quenced with nested paraoxonase primers extending 
toward the N-terminal end of the protein. Another hu- 
man liver cDNA library, HLlOOlb, purchased from 
Clontech, was analyzed in a similar manner. 

Several introns were located by PCR amplification of 
genomic DNA with cDNA primers. Genomic PCR 
products were examined to see whether any were appre- 
ciably larger than expected; these would probably con- 
tain intron sequences. A number of these were se- 
quenced to determine both whether the sequences 
were indeed from the paraoxonase gene and exacdy 
where introns were located. Both a 1.0-kb intron in the 
region coding for amino acid 66 and a 1.6-kb intron in 
the region coding for amino acid 234 were found 
(fig. 1). 

Blood and DNA San)ples 

Blood samples (10-20 mL) were collected from 24 
unrelated volunteers and were also recollected from 16 
members of a three-generation pedigree that we had 
previously analyzed, in 1988, for the atypical (di- 
bucaine-resistant) variant of butyrylcholinesterase (Mc- 
Guire et al. 1989). Three unrelated individuals from this 
pedigree (II-6, 1-l, and 1-2, who had genotypes AA, AB, 
and BB, respectively) have also been included, to make 
the total of 27 unrelated individuals. DNA was isolated 
from the bufFy coat of the blood samples by the salt- 
chloroform extraction method of Mullenbach et al. 
(1989). 

PCR Amplification of the Polymorphic Sites 

Genomic DNA sequences in the regions coding for 
the two polymorphic sites both occur close to introns, 
so one of each pair of the PGR amplification primers 
was selected to be an intron-region primer. Thus, pairs 
of one intron primer and one exon primer were used for 
the regions corresponding to amino acids 54 and 191. 
PCR amplification products, approximately 180 and 
230 bp, respectively, were obtained individually or in 
the same amplification mixture, for direct sequencing 
with suitable intronic primers (fig. 1). 

Phenotyping 

The quotient of paraoxonase activity measured at 
pH 10.5 with 1 M NaCl in the reaction mixture, di- 
vided by the arylesterase activity with phenylacetate, 
was calculated as described elsewhere (Eckerson et al. 
1983f?; Can et al. 1991). The ratio of these activities was 
used to determine individual phenotypes, as follows: 
type A, ratio 1.21 ± 0.19; type AB, ratio 4.68 ± 0.85; 
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and type B, ratio 8.36 ± 0.70 (data are mean ± SD). 
Phenotype ranges are 0.9-2.5, 2.6-7.5, and 7.6-12.0, 
respectively, for the A-, AB-, and B-type allozymes. 

Results 

Enzyme Purification and Peptide Analyses 

Purified paraoxonase/arylesterase preparations were 
used to determine the N-terminal amino acid residues, 
to gain information about the secondary structure of 
the enzyme, and to obtain sequence information for 
later use to clone the paraoxonase gene. Our early 
cDNA cloning revealed that about half of the amino 
acid residues of the mature protein were included in the 
sequencing of the 13 tryptic and peptic digest peptides 
obtained from the purified enzyme. Nonparaoxonase 
sequences from our protein preparations were all from 
apolipoprotein A-I. 

Samples of purified paraoxonase were subjected to 
nonreducing trypsin or pepsin digestion, followed by 
isolation and purification of the resulting peptides by 
HPLC. A few of the fractions sequenced in the earlier 
experiments were obviously contaminants, derived 
from human apolipoprotein A-I. However, most 
peptides sequenced had no matches in the available 
computerized sequence banks and were used later 
in designing oligonucleotide probes to clone the para- 
oxonase gene. One tryptic peptide gave two simulta- 
neous sequences, and it was resolved by reduction into 
tvvo constituent peptides that were then separated and 
individually sequenced. Each contained a cysteine resi- 
due (residues 32-45 and residues 349-354) (fig. 1). The 
shorter peptide (residues 349-354) of the two was be- 
lieved to be the carboxyl terminus of the protein, be- 
cause of the complete absence of additional amino 
acids after Leu 354 in subsequent sequencing cycles; 
the other peptide in the disulfide linkage (cysteines 41 
and 352) was later located near the amino terminus of 
the protein. The carboxy termini and amino termini of 
native paraoxonase may be in disulfide linkage through 
cysteines 41 and 352. One peptide (residues 250-259) 
contained a carbohydrate moeity, later shown to be 
linked to asparagine 252 (fig. 1). Subsequently cDNA 
sequencing revealed several additional possible sites for 
N-glycosylation. The carbohydrate content of the puri- 
fied enzyme was found to be 15.8% (Can et al. 1991). 

Sequence analysis of undigested enzyme showed the 
first four residues of the mature serum paraoxonase to 
be alanine, lysine, leucine, and isoleucine, and this se- 
quence was subsequently confirmed by the DNA nu- 
cleotide sequences. The ease of sequencing the undi- 



gested enzyme isolated by the DEAE agarose II step 
indicated that the apparent blockage of the N-terminal 
amino acid that we noted earlier (Gan et al. 1991) proba- 
bly resulted from the extra steps used in the isolation 
procedure at that time, such as extraction of the puri- 
fied protein from acrylamide gel. 

Allozymic Differences in Peptides 

Tryptic digest peptide profiles after HPLC analysis 
from purified preparations of A, AB, and B phenotype 
samples showed distinctive patterns (fig. 2). Although 
the three profiles were very similar, one unique peak 
(peptide A) was present in the preparations of A and AB 
samples, and another unique peak (peptide B) was seen 
only in the profile of B and AB samples. Peptides A and 
B had retention times of 40 and 44 min, respectively. 
Peptides A and B were collected in two subsequent 
HPLC runs, and the amino acid sequences were deter- 
mined (fig. 3). These obviously were not alternative se- 
quences at the same location, and their relationship did 
not become clear until some months later, after we had 
cloned the paraoxonase/arylesterase cDNA and had 
translated the nucleotide sequence to amino acids. It 
was then obvious that the two peptides were adjacent 
and differed in amino acid residue number 191 (fig. 3). 
Peptide B represented roughly the second half of pep- 
tide A. Since peptide A had Gin at position 191, no 
tryptic cleavage would occur between residues 191 and 
192 in this long peptide. In peptide B, however, the first 
residue was number 192, and residue 191 should be 
either arginine or lysine, to create a tryptic cleavage site. 
Amino acid 191 was found to be Arg, in our cDNA 
library sample. It seemed possible that Gin/ Arg at posi- 
tion 191 might be the critical feature determining the 
A/AB/B phenotypic polymorphism. 

Cloning of Human Paraoxonase/ Arylesterase 

The entire paraoxonase coding region was se- 
quenced by using a combination of different methods. 
The Woo human liver cDNA library did not extend in 
the 5' direction any farther than the codon for residue 
11 (methionine); however, it was very useful for se- 
quencing all of the remaining coding sequence in the 3' 
direction — i.e., through residue 354, the last amino 
acid of the mature protein, and to the polyadenylation 
sequences. The Woo cDNA library in lambda gtll was 
initially screened with oligonucleotide probes PX2 and 
PX5 (fig. 1), as described above under Material and 
Methods. Two overlapping clones were isolated and 
analyzed; clone W-II-14 extended from nucleotide 150 
to nucleotide 1646; it represented amino acids 50-354 



a Leu Thr Leu Leu Gly Met Gly 

32 

tyr Gin Thr Aro Leu Asn Ala Leu Arg i 
TAC CAA ACa CGA CTT AAT GCT CTC CGA ' 

< RC18 PX21 

< — PX4 

54 

IMetl S5 fill 66 

Glu Thr Gly Ser Glu Asp tL«u| Glu lie Leu Pro A3n Gly Leu Ala Phe He Ser Ser \ / 

GAA ACT GGC TCT GAA OAC lATGl GAG ATA CTG CCT AAT GGA CTG GCT TTC ATT AGC TCT \/ GTGAGTGTTT TCTTTCACTT 
> ITTGl 



Gly Ser I^s Phe Asp Val Ser Ser Phe Asn Fro 



Ser Thr Phe Thr Asp Glu Asp Asn Ala Met Tyr Leu Leu Val Val Asn His Pro 
AGC ACA TTC AQl GAT GAA GAT AAT OCC ATG TAC CTC CTG GTG GTG AAC CAT OCA i 



Asn Asp lie Val Ala Val Gly Pro Glu His Phe Tyr Gly Thr Asn Asp His Tyr Phe Leu Asp Pro Tyr 
AAT GAT ATT GTT GCT GTG GGA CCT GAG CAC TTT TAT GGC ACA AAT GAT CAC TAT TTT CTT GAC OCC TAC 
> PX15 - > 



Ser Trp Glu- Met Tyr 



OATTTACTCA GATTCTCAGC AGATATCING CAATATATTC TTTTTTTAAG TAATATGATA CATTTTAACA 
PX28< PX26 

. . . ATGAATAGGT ATTACAACTT ■ CATCCTTAAT CTCTCAGTTO TOTTACTTCT AGTACTTTGA TGTAGACTCT TTCTTCTTTG AAGGTATGNC \/ 

235 2ia 24£ asfl ■ 2sa 

Tyr He Ala Glu Leu Leu Ala His Lys He His Val Tyr Glu Lys His Ala Asn Trp Thr Leu Thr Pro Leu tve 
TAT ATA GCT GAG TTG CTG GCT CAT AAG ATT CAT GTG TAT GAA AAG CAT GCT AAT TGG ACT TTA ACT CCA TTG AAG 
< - PX16 



Figure I Human serum paraoxonase/arylesterase cDNA showing sequenced peptides and the oligonucleotides used to characterize the 
gene and polymorphic sites. The location of two introns and the DNA sequence of the introns adjacent to the intron-exon junctions are 
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and extended 584 nucleotides beyond the coding re- 
gion in the 3' direction. Clone W-II-12 contained nu- 
cleotides 300-1308, representing amino acid residues 
100-354, and it extended 246 nucleotide bases 3' 
beyond the last amino acid. No differences were found 
in the nucleotide sequences in the overlapping segment 
of these clones. 

The Woo library was also screened with a random- 
labeled cDNA probe derived from clone W-II-14, 
which represented the 5' portion of the cloned cDNA. 
Eighteen hybridizing plaques were found. These non- 
plaque-purified clones were analyzed by direct PGR of 
heat-denatured viral particles, to find those that might 
contain additional coding sequence toward the 5' end. 
First, clones were amplified with human paraoxonase 
primers encompassing amino acids 50-188 (bases 150- 
564), with primers PX7 and PX6. Clones yielding PCR 
products of approximately 400 bases were further ana- 
lyzed. These were amplified with lambda gtll primers 
(forward or reverse primers) in combination with 
primer PX6. Clones having additional 5' coding se- 
quence would produce fragments larger than the PX6/ 
PX7 product. Clone W-lV-10 gave the longest PCR 
product, and it was direcdy sequenced by using para- 
oxonase primer PX8. Clone W-IV-10 coded for 21 ad- 
ditional amino acids and allowed the DNA sequence 
corresponding to amino acids 29-50 to be identified. 

Direct amplification of an aliquot of the Woo library 
as described under Material and Methods gave the 
DNA sequence for the region coding for amino acids 
10-29, but there appeared to be no clones extending in 
the 5' direction any farther than the codon for amino 
acid 10. Therefore, another human liver cDNA library, 
HLlOOlb, was used to obtain the nucleotide sequence 
extending in the 5' direction to the -4 codon, by direct 
PCR amplification and sequencing. No clones extend- 
ing in the 5' direction past the -4 codon were found in 
this library. The HLlOOlb library was used by Hassett 
et al. (1991) for their sequencing of paraoxonase cDNA 
clones, and they also found no clones extending 5' 
beyond the -4 codon when they used in situ hybridiza- 
tion techniques with this cDNA library. 

Polyadenylation sites were found at two locations: 



246 and 584 nucleotide bases downstream from the last 
amino acid codon in the Woo cDNA library. Hassett et 
al. (1991) found three polyadenylation sites to be pres- 
ent in clones from the HLlOOlb cDNA library. 

Polymorphic Sites 

We examined both polymorphic sites in a population 
sample by direct sequencing after PCR amplification of 
those regions, to verify the structural mutations of pri- 
mary interest, and we compared the neighboring nu- 
cleotides in these individuals. Genomic DNA samples 
from 27 unrelated people and from family members of 
a three-generation pedigree were sequenced to deter- 
mine the allelic frequencies and inheritance patterns of 
both polymorphisms, as well as their concordance with 
the individual serum paraoxonase/arylesterase pheno- 
types. 

Results from the tests in 27 unrelated individuals are 
shown in table 1. It is clear that the polymorphism at 
position 54 does not correlate at all with the paraoxon- 
ase phenotype, but the polymorphism at position 191 
does. All the A-phenotype individuals were homozy- 
gous for glutamine at this position. The other pheno- 
types were equally in agreement with corresponding 
genotypes; those homozygous for arginine had B-phe- 
notype esterase, and all those heterozygous (AB pheno- 
type) had glutamine/arginine at the polymorphic site. 
The amino acid at position 54 in individuals homozy- 
gous for glutamine at amino acid 191 did not correlate 
with serum arylesterase activity, serum paraoxonase ac- 
tivity (with or without 1 M NaCl), or quotients calcu- 
lated from these three activities. Further studies will be 
needed to find out how the allozymes can be influenced 
by the particular amino acids at position 54. 

The results from the pedigree analysis (fig. 4) were 
equally unequivocal about the correlation of the para- 
oxonase/arylesterase phenotypes with the polymor- 
phism at position 191. In contrast, the amino acids at 
position 54 did not correlate with the serum esterase 
polymorphism. The same associations were seen in re- 
lationships between the amino acids at position 191 
and the serum enzyme phenotypes in the family pedi- 
gree as were seen in the collection of unrelated individ- 



indicated Bars above the amino acid sequences are those identified as tryptic or peptic digest peptides that were sequenced directly. An asterisk 
above an am no- acid (see Hisl9. and Ala2i6) means that it did not agree with the cDNA. Codons for these sequenced am.no ac.ds 

dSjee by rnucleotide, with the cDNA{shown) and could be additional polym^^^^ 
. lation (Bause 1983), was not found to be glycosylated when the peptide encompassingam.no ac.ds 267-281 was sequenced Asn226 and Asn323 
So DOSsiWe sites of N-glycosylation PX7 with PX12 and PX9 with PX16 revealed the presence of 1.0- and 1.6-kb mtrons, respectively, 
when used to amplify genomic DNA. PX21 , PX20, PX22, PX15, PX28. and PX26 were used to amplify and sequence the two polymorphic sites. 
PX12, PX8, PX4, or PX18 was paired with lambda gtll primers to amplify aliquots of cDNA libraries directly. 
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ALLOZYME A 

...iaLPNLNDIVAVGPEHFVGTNDHYFLPYL5SWEMYLGLAWSYVVYYSPSEVRV2,4... 

aa191 

THEORETICAL TRYPSIH CLEAVAGE 

...K LLPNLNDIVAVGPEHFYGTNDHYFLPYLQSWEMYLGLAWSYVVYYSPSEVR VaM-.. 

PEPTIDE A 

LLPNLND I VA VGPEHF YGTNDHYFLPYLQ 



ALLOZYME B 

...kVpnlndivavgpehfvgtndhyflpylrsweiiylglawsyvvyyspsevrv2,4... 

aa191 

THEORETICAL TRYPSIN CLEAVAGE 

...K llpnlndivavgpehfygtndhyflpylr SWEMYLGLAWSYVVYYSPSEVR V2,4... 

PEPTIDE B 

SWEMYLGLAWSYVVYYS 

Figure 3 Unique tryptic peptides from human serum paraoxonase allozymes A and B. The theoretical tryptic peptides generated from 
alo^ymtsAandBasdeterminedf^^^^ 

geneLTed Lm digestion df allozymically pure preparations of human serum paraoxonase. Peptides A and B could only be sequenced through 
29 and 17 residues, respectively. 



uals. It appears likely that the polymorphism at position 
191 affects in some way the structural properties of the 
enzyme, which confer the distinctive catalytic proper- 
ties to the A, AB, and B types of paraoxonase/aryles- 
terase. 

Discussion 

The structural basis for each of the two polymorphic 
sites is shown in figure 1. The Met/Leu polymorphism 
at position 54 depends on ATG/TTG, and the Arg/ 
Gin polymorphism at position 191 depends on CGA/ 
CAA. Both polymorphic sites involve base changes that 
theoretically could be detected as RFLPs. If NlalU were 
used, the Met sequence CATG would be cut, but the 
CTTG sequence for Leu would not be cut; and Alwl 
would cut the sequence (C)GATCC of Arg but would 



not cut the corresponding (C)AATCC sequence of Gin. 
However, we elected to. use direct sequencing of PGR 
products. The data presented here offer evidence that 
the polymorphic human serum paraoxonase/arylester- 
ase phenotype is associated with the Arg/Gln structural 
polymorphism at amino acid position 191. We con- 
clude that the A allozyme has glutamine at this position 
and that the B allozyme has arginine at this position. 
This difference in structure of the allozymes also ex- 
plains why the B form has an additional trypsin cleavage 
site, and this would account for the unique A and B 
peptide peaks observed after tryptic digestion of the 
purified, paraoxonase allozymes. How these particular 
amino acid substituents at position 191 influence the 
qualitative properties of the esterase must still be deter- 
mined. 

It is very likely that the serum enzyme is produced, at 
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Table I 

Correlation of Serum Paraoxonase Phenotype and Genotype 



Serum Type and PA' 
Individual (nmol/min/ml) 



(Hmol/min/ml) 



PX/PA 
Ratio 



Amino 
Acid 191 



Amino 
Acid 54 



Lst 




155 


1.6 


Q.Q 


M,M 


100 


169 


1.7 


Q,Q 


M,M 




100 


191 


1.9 


Q.Q 


M,M 




82 


152 


1.9 


Q,Q 


M, M 


Jko 






169 


1.7 


Q,Q 


M, L 




105 


1.7 


Q,Q 


M, L 




212 


1.7 


Q,Q 


M, L 




89 


157 


1.8 


Q,Q 


M, L 


Sla 


134 


223 


1.7 


Q,Q 


L,L 


Dla 


86 


162 


1.9 


Q,Q 


L,L 






201 


1.6 


Q.Q 


L,L 




i^fi 


176 


1.5 


Q.Q 


L,L 


AB: 
Sad 




321 


5.6 


Q,R 


M, M 


Bda 


100 




6.3 


Q, R 


M, M 


81 


496 


6.1 


Q,R 


M, L 


Jde 


141 


784 


5.6 


Q,R 


M, L 


57 


398 


7.0 


Q,R 


M, L 


Hca 


51 


355 


7.0 


Q,R 


M, L 


Kch 


114 


496 


4.3 


Q,R 


L,L 




129 


758 


5.9 


Q,R 


L,L 


Mge 


110 


780 


7.1 


Q,R 


L,L 


B: 


91 


846 


9.3 


R, R 


L, L 


Bla 


86 


890 


10.3 


R, R 


L, L 


Ata 


106 


1,006 


9.5 


R, R 


L,L 


Jda 

Aca 


76 


737 


9.7 


R,R 


L, L 


100 


1,063 


10.7 


R,R 


L,L 


Jva..... 


106 


1,020 


9.7 


R,R 


L,L 



* Phenylacetate. 
Paraoxon in the presence of 1 M NaCl. 



least in part, by the liver. The serum esterase amino acid 
sequence determined by sequencing tryptic and peptic 
digest peptides has been found to be the same as that 
deduced from the human liver cDNA clones. Southern 
blots of human genomic DNA support the notion that 
there is a single gene for paraoxonase (Hassett et al. 
1991). These authors also noted the two polymorphic 
sites and suggested that one or possibly both might be 
responsible for the polymorphic forms of the serum 
esterase. 

It should he mentioned that in the tryptic analysis 
experiments extending over 10 years in our laboratory, 
with many preparations of purified enzyme prepara- 
tions, we have seen only a few peptides that could not 
later be accounted for within the esterase sequence 
shown in figure 1. Most of these exceptions were frag- 



ments of apolipoprotein A-I. In addition, sequencing 
the undigested enzyme gave a strong, single peptide. 
This finding supports the notion that one enzyme has 
both paraoxonase and arylesterase activities. Thus, 
there is no evidence, from peptide or protein sequenc- 
ing, for the presence of another protein copurifying 
with paraoxonase/arylesterase, and there is no sup- 
porting evidence for the proposal, by others, that hu- 
man serum contains distinctly different enzymes for its 
paraoxonase and arylesterase activities (Mackness et al. 
1987). Expression studies are in progress in our labora- 
tory, to determine (1) whether enzymes produced from 
the cDNAs corresponding to the A and B phenotypes 
have the expected phenotypic properties and (2) 
whether they are able to hydrolyze both organophos- 
phate and carboxylic acid esters. 
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10.7 
Arg Arg 



PX/PA=9.7 
Arg Arg 



• ■ 



10.0 9.7 
Arg Arg Arg Arg 
Leu Leu Leu Leu 



Li— TXT^/ TTT-^ TTT-6 III-7 III-8 



PX/PA=7 . 0 
Gin Arg 
Met Leu 



11.7 

Arg Arg 

Leu Leu Met Leu 



Gin Arg 



7.0 

Gin Arg 

Met Leu 



Gin Arg 
Met Leu 



4.5 

Gin Arg 
Leu Leu 



Fieure 4 Comparison of human serum paraoxonase phenotype with Gin/Arg and Met/Leu polymorphisms as determmed by sequenc- 
ing of amplified genomic DNA. Unblackened symbols denote A-type individuals; half-blackened symbols denote AB-type mdmduals; black- 
ened symbols denote B md.viduals; and PX/PA signifies the following ratio: nanomoles of paraoxon hydrolyzed per mmute per m.ll.hter in the 
presence of 1 M NaCl at pH 10.5), divided by micromoles of phenylacetate hydrolyzed (per minute per millihter) used to determme serum 
phenotype. The disposition of individual alleles in respect to Gln/Arg and Met/Lcu polymorphism .s shown. 



To date, the number of individuals tested for the two 
polymorphic frequencies and linkage is too small to 
allow allelic frequencies to be calculated with any de- 
gree of confidence. However, it is clear that both poly- 
morphisms are common ones, and, among the unre- 
lated 27 individuals. Met had a frequency of .4 and Leu 
had a frequency of .6, at amino acid position 54. Met 
and Leu at position 54 were equally frequent in individ- 
uals homozygous for Gin at position 191 (A-type indi- 
viduals), but Met 54 was not found in any individuals 
homozygous for Arg at position 191 (B-type individ- 
uals). Two AB-type individuals were homozygous for 
Met 54, so there were at least two Argl91/Met54 allo- 
zymic combinations represented in this small group. 
The total distance between these markers cannot be 
estimated accurately at this time, because the number 
and length of introns between these markers are still 
uncertain. However, the distance must be relatively 
short, and the appreciable linkage disequilibrium ob- 
served was not unexpected. The gene frequencies for 
the A/B polymorphism in different ethnic groups 
around the world have recently been reviewed (La Du 
1992). The frequencies in Caucasian populations are 



about .71 and .29 for the A and B alleles, respectively. 
The somewhat lower frequency (.61) of the A (Gin) 
allele in our sample of 27 unrelated individuals is proba- 
bly due to the small sample size. The presence of addi- 
tional alleles affecting this esterase can be anticipated in 
the future. For example, more than one high-paraoxon- 
ase-activity allele has been proposed by Nielsen et al. 
(1986). A DNA basis for identification of such allelic 
variations will now be possible. 

Note added in proof. — Similar conclusions about the 
molecular basis of the paraoxonase polymorphism have 
been reached by another laboratory, and these are de- 
scribed in a paper by Humbert et al. (in press). 
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The molecular basis of the human 
serum paraoxonase activily 
polymorphism 

determines high versus iovTp^on'ZS^^h^^^ZT""^'' ""^l^" 
sensitivity to parathion poisoning We demonSrate fh,T W"'^*'"^. ™y determine 
high activity PON whemas a giSZe sS?tt^l T'^^ ^' specifies 
probes or restriction enzymein ^ys^of SmL^ dn7^^^ T""'' '^"«te-«P«=ific 
individuals. PON maps to chrom^ra VoTSf n J^^I^'"" Se"°'VPina of 
agreement with preJous genefcrtS^e ^dS' '^'""^ '° *^ aem. in 
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The metabolism of organophosphates, such as the 

jDxicants came mto widespread use over 40 years ago. 

oxidative desulphuration by the microsomal cytochrome 
P450 system of liver and by other tissues-- H^roSf 
paraoxon is catalysed by serum paraoxon4 (PON)/ 
aqdesterase', an enzyme that is associated w th the 
hpoprotem fraction of serums- 
There is a 1 0-40-fold difference in serum PON activity 
be^veen mdmduals-. For a given individual. pSn 
acUvity,sstableovertime»andisgeneti^^^^ 
PopidationsofEuropeanancestiy'-haveapproximately 
50%homozygotesforanallozymewithlowPONactiS 
10% homozygotes for a high activity aUozyme. and 40% 

heterozygotes.Somenon-CaucasianpopSo„ssh^^^^ 
reduced frequency of the low activity aUele".'^ 

differencesobserved between aUeliccIasses are notsimplv 

:I 1- I ^'^^^^higherpHoptimumformaximal 
salt stimulation than the low activity aUozyme-'^e 
substrate-dependent activity pol ArpS is' a^o 
observedwithmethylparaoxon.cM^rduon-ox^n^^ 
I ' (ethyl-p-nitrophenyl-ethylphos- 
oxon. phenyl acetate, or P-naphthyl acetate'"^" 
n„.nrf '^"f ^^^^^•^'iing examination of the 
quantitative adequacy of PON in protection against 

and chlorpyrifos oxonase levels--^ ^d demonstraSn 
Aa mtravenously injected PON provides protectioJ 
t!T'tFTT chlorpyrifos oxon toxicity--? 
indicate that serum PON is protective agains 
nature geneto volumes januarvI993 -^S-Jinst 



organophosphate poisoning. The large difference in 
turnover number between the allozymf typeX^ests 
S oIT; ^" suscepSit^o paraSn 

poisomng depending on PON allelic status, however 
^erences m the amount of enzyme activit^ betJeTn 

So^of .h. ""^"^/''^ '"^''^ b'"^ distinction 
Plots of chlorpyrifos oxon hydrolysis, or phenyl acetate 
hydrolysis ••" versus PON activity allow betted 
discrimmation between allelic classes °^ ''^"er 
nol!!r^'^'^'?- ° *° t^i"5ic interest, the PON activity 
fctTn^ I °^^'}°/'^ importance as it was the 
first genetic marker which was found to be linked to the 

cystic f^brosis(CF)gene--.In these earlystudietEbS 
Si POM '■'T'l^'f'^ biochemical assays to de^ermS 
£iS anTpS:'' '° T- '"^^^"^"^ ''-^'^ linked 
. r,? f ^ ^ "Middle of the long 

Ztffi 7 (refs 29-34), which led to 

gtSS" '^^""^S °f defective CF 

Poxif ^^°^^tio° ^d sequencing of 

PON/ar)desterase cDNAs from humans and rabSte? 
Three mdependent human clones were isolated from a 

d^ered m i) die predicted amino acid sequence at tJo 
positons (n thee>rtentofN-tennindseque^^^^ 
thesieatwhichpolyadenylationoccurreAWehavenow 
™.ed the amino add substitutions observSIT 
LrJri™!^^^— ^-enthe 

Oharacteristics of human cDNA clones 

Tlie inferred amino add at position 55 of PON was 
methionmemdonesHuPONl pnHH„Dr,KT',„i.- . 
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in done HuPONS; position 192 was glutamine m clones 
HuPON 1 and HuP0N2 and arginine in clone HuPON3". 
Since heterozygotes for PON activity are abundant in the 
Caucasian population from which the cDNA library was 
prepared, we investigated whether either of the two 
observed amino acid substitutions was related to the 
activity polymorphism. The sequence differences noted 
in the cDNA clones are distinguishable by a change in a 
site for restriction endonuclease Alwl for the sequence 
corresponding to amino acid position 1 92 and a change in 
a N/fllll site at position 55. 

PON polymorphism and amino acid 192 

In order to determine whether the observed amino acid 
difrerence(s) constituted themolecularbasisoftheactivity 
polymorphism, we determined the phenotype of 23 
. individuals by enzyme assays". The subjects fell into the 
expected three classes (that is homozygous low, 
heterozygous, and homozygous high; Fig. 1 a) . Polymerase 
chain reaction (PGR) fragments amplified from genomic 
DNAfrom each were examined forpresence ofthe Glnl92 
versus Argl92 alleles by restriction analysis (Fig. 1 h) and 
hybridization of allele-specific oligonucleotides to dot 
blots (Fig. Ic). 

Four individuals predicted to be homozygous for the 
high activity allele from enzyme assays had amplified 
fragments which were cut by AZwI and which hybridized 
withtheArgl92-specificoligonudeotide.Eightindividuals 
homozygous for the lowactivity allele had PCR-ampUfied 
fragments which were not cut by Alwl and which 
hybridized with the Ghil92-specific oligonucleotide. The 
PGR amplified seqments from 11 heterozygotes were 
partially cut by Alwl and hybridized to both 
oligonucleotides. These results show that arginine is 
present in the high activity allozyme and glutamine is 
present in the low activity allozyme at position 192 of 
serum PON. 

N-terminal region of PON 

Glone HuPON3 is an incomplete reverse transcript which 



Fig. 1 Typing individuals for serum paraoxonase alleles and 
association witli sequence coding for amino acid at 
jjosition 192. a, Plot of plienyl acetate hydrolysis versus 
PON activity demonstrating three allelic classes, o, 
Individuals homozygous for the low activity allele (Lows), A, 
Heterozygotes, Individuals homozygous for the high 
activity allele (Highs), b, Digestion of 99 bp PGR amplified 
fragments with restriction endonudease Mw I. Une 1 , 
clone HuPonl (Gln192); lane 2, clone HuPonS (Arg192); 
lane 3, PGR reaction minus DNA; lanes 4-7, highs; lanes 8- 
15, lows, lanes 16-26, heterozygotes. c. Dot blot probed 
with Gln192-specific Oeft) or Arg192-specific (right) probe. 

lacks the nucleotide sequence corresponding to the first 
29 amino acids ofthe high acitivty serum PON/arylesterase. 
In order to eliminate the possibility that additional amino 
acid differences between the high and low activity alleles 
are present in this region, the DNA sequences for the first 
two coding exons corresponding to the first 48 amino 
acids of PON were amplified from genomic DNA and the 
sequences determined. DNA from three individuals 
homozygous for the high activity allele and four individuals 
homozygous for the low activity allele was analysed. The 
coding sequence for this region of all seven mdividuals 
was identical to the sequence of clone HuPON 1. 
Additionally, we previously purified human PON from 
an individual homozygous for the high activity allele and 
determmed by direct protein sequencing that the first 10 
amino acids beyond the cleaved N-terminal methionine 
are identical to that found in the low activity clone 
HuPONl*". Thus, there are no differences between the 
high and low allozymes in the N-terminal re^on. 

PON polymorphic site at position 55 

We also examined the role ofthe amino acid at position 
55. Nlalll digests of PGR amplified fragments and 
oligonucleotide-specific dot blotting indicated that 
position 55 was polymorphic with an allele frequency of 
0.74 for the leu55 allde and 0.26 for the met55 allde in our 
sample (data not shown). Members of the homozygous 
low activity group were found with all three possible 
combinations of position 55 alleles (Met55/Met55, Met55/ 
Leu55, and Leu55/Leu55). The lack of concordance 
between allelic status of the activity polymorphism and 
residue 55 indicates that this position is not involved in 
determination of the allozyme type. 

Mapping human PON cDNA clones 

Somatic cell hybrid and restriction fragment length 
polymorphism studies have mapped the biochemically 
defined PON locus to the middle of the long arm of 
chromosome 7 near the GFTR locus'^"'*. We used in situ 
hybridizationofradiolabelledcDNAtohumanmetaphase 
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chromosomes to determine whether the clone hybridized 
to the predicted location. We found that autoradiographic 
grainswerelocalizedtobandsq21andq22onchromosome 
7 (Fig. 2), as expected. The lack of significant hybridization 
to other chromosomes confirms our earlier conclusions 
based on Southern blot analysis that serum PON is 
probably not a member of a multi-gene family". 

Discussion 

The PON activity polymorphism has been the subject ot 
numerous studies for more than 20 years^". Our results 
indicate that the difference between the two allozyme 
types is due to a single amino acid substitution which can 
easily bedeterminedbyrestrictionenzymeanalysis. These 
two polymorphic markers will be usefiil in fiiture genetic 
and physical mapping studies of Chromosome 7 — our in 
5im hybridization data confirm the earlier chromosomal 
assignments of PONbased on the activity polymorphism. 

Substitution of glutamine for arginine at position 192 
affects the charge of the enzyme and might be expected to 
have effects on substrate turnover number if near the 
active site. The presence of Argl92 in the high activity 
allozyme in humans compares to a Lysl92 residue in 
rabbits. The rabbit enzyme also has a high turnover 
number for paraoxon. 

The high level of conservation (>85%) between human 
and rabbit serum PON sequences'' suggests a conserved 
function. PON activity has been reported to be reduced 
following myocardial infarction"'. Addition of purified 
PON was found to reduce oxidation of LDL". The low 
activity allele has been associated with lower triglyceride 
and higher LDL cholesterol, however the anomalously 
small number of homozygous high individuals suggests 
thatsomemisdassificationofsubjectsmayhaveoccurred. 
Biochemical assays do noteasilydistinguishheterozygotes 
at the high end of the range from homozygotes for the 
high allele. The molecular assays described here provide 
accurate discriminationbetween these groups.ByaUowing 
accurate typing of subjects, any physiological effects ofthe 
PON activity polymorphism will be more easily measured 
in future work. The studies of association with lipid 
levels"'^' and localization to the HDL particle* suggest 
PON involvement in lipid metabolism, but as yet no 
physiological substrate has been identified. It is thus not 
yet possible to define the importance of the PON activity 
polymorphism in normal metabolism. The animal studies 
noted above have established that serum PONis important 



■e isolated from blood and 



in protection against toxicity due to organophosphate 
substrates of the enzyme. 

IVIethodology 

Humansubjecte. 23 subjects were investigated, induding five subjects 
whose allelic status was known from previous biochemical studies 
(two were homozygous for the low allele, one was heterozygous, and 
two were homozygous for the high activity allele). 22 subjects were 
of Caucasian ancestry and one was of mixed Caucasian and Chinese 
ancestry. Blood samples for assay of PON activity were collected in 
lithium-heparin tubes. Blood samples for DNA preparation were 
collected in EDTA tubes. 

Lymphocyte DNA. Lymphocytes v 
DNA was prepared as described**. 

Enzyme assays. Hydrolysis of phenyl acetate'" and paraoxon^* were 
measured as described. 

Amplification of DNA. Sequence information from genomic 
clones encoding serum PON (R.H. and C.E.F., unpublished data) 
allowed design of primers for PGR amplification" of specific segments 
of PON genomic DNA from human subjects. All primers were used 
at 0.5 pU. An initial incubation of 3 min at 93-95 °C preceded 
amplification of genomic DNA. Primers for amplification of a 99 bp 
sequence coding for position 192 were 5'TATTGT 
TGCTGTGGGACCTGAG3' and 5'CACGCTAAACCCAAATAC- 
ATCTC3'. Primary amplification (30 cycles) was performed using 
Ampiitaq polymerase (Perkin Elmer-Cetus) in 1.5 mM MgCl,, 
50 mM KCl, 10 mM Tris-Cl pH 8.3 for cycles of 60 s at 93 -C, 30 s at 
6 1 "C, and 60 s at 72 "C. DNA from a 1 6 cycle secondary amplification 
was used for digests and dot blots. 

Primers for amplification of position 55 were 5'GAAGAGTGA- 
TGTATAGCCCCAG3' and 5'TTTAATCCAGAGCTAATGAA- 
AGCC3'. Amplification for 35 cycles of 94 -C for 30 s, 61 °C for 30s, 
and 72 "C for 30 s produced a 170 bp amplified product. 

Sequence missing from done HuPON3 U encoded by 2 exons in 
human genomic DNA Primers for amplification of the sequence 
corresponding to the amino terminus of the serum PON protein 
from the first coding exon (24 2/3 codons) were 
5'GCAGCAGAGCCTCCTAGC3' and 5'GCACCTGCTTGTAAAT- 
GTTCTG3'.Primers for amplificationofthesecond coding exon(23 
1/3 codons) were 5'TCTGGAGTTGAAACTCAGGC3' and 
5'TGGACAGATrGAACAGGCAC3'.Amplification was performed 
with Vent polymerase (New England Biolabs) in the recommended 
buffer with 30 cycles of 120 s at 95 "C, 120 s at 53 "C, and 60 s at 
78 -C. 

DNA sequendng. Amplified fragments were isolated from agarose 
gels, purified using glass fines* and sequenced using »P end labelled 
primers and Taq polymerase with a Cycle sequencing kit (Gibco- 
BRL) using the recommended conditions. 

Allele specific oligonucleotides for determination of genotype. 
Fordotblots, 1 ul amplified DNA was appUed to nitrocellulose filters 
which were incubated 2 x 5 min in 0.5 N NaOH, 1.5 M NaCl, 2 x 5 
min in 1 M Tris-Cl pH 7.4, 1.5 MNaCL Filters were exposed to a UV 
transilluminator for 2 rniii, then dried. Following prehybridization 
for60minintheindicatedhybridizationbufrer,filterswereincubated 
with Glnl92-specific (5'CCTACTTACAATCCTGGGA3'), or 
Argl92-specific (5'CCTACTTACGATCCTGGGA3'), end-labelled 
probes for 90 min at 55 "C and washed for 5 min at 22 °C and 5 mm 
at 40 For the Glnl92 probe, incubation was in 5x SSPE, 0.5% 
SDS, 0.1% ficoll, 0.1% polyvin;^ pyrroUdone. 0.1% BSA 100 Jig 
ml-' sahnon sperm DNA; washes were with 2x SSC, 0.5% SDS. For 

Fig. 2 Mapping the PON gene by in situ hybridization, a, 
Distribution of autoradiographic grains on human 
chromosomes from 49 metaphase cells. 37% of a total of 
'73 sites of hybridization are on chromosome 7 at bands 
q21 and q22. There is no significant hybridization to other 
chromosomes, b. Localization of autoradiographic grains 
to bands q21 and q22 of chromosome 7. 
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theArgl92probe,incubationwasin3xSSPE,0.5%SDS.0.1%ficoU, 
0.1% polyvinyl pyrroUdone, 0.1% BSA, 100 |ig ml ' salmon sperm 
DNA; washes were with Ix SSC. 0.5% SDS (Ix SSC is 0.15 M NaCl. 
0.015 M Na citrate. pH 7.0: Ix SSPE is 0.15 M NaCl, 0.01 M 
NaHjPO^, 1 mM ethylene diaminetetraacetic acid, pH 7.4). 

Digestion of amplified firagments with restriction endonudeases. 
Amplifiedfragments were precipitated with ethanolandresuspended 
in buffer recommended by the manufecturer. 5 jil of amplified 
product was digested with 2 U of enzyme (A/w/ for analysis of 
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